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1. TITLE OF THE INVENTION 

A storage System Using Flash Memory 
[ Summary] 

[Objective] This is an invention related to the hardware 
configuration and the handling of data in a manner that 
compensate for a limit on erasure count, which is a 
drawback of flash memory, for the implementation of an 
auxiliary memory unit using flash memory. 

[Constitution]- The interior of the flash memory 1 is 
divided into sectors, which are units of file data 
write/erase operations, numbers are assigned to the files 
that are written into the sectors, tables 5 and 6 that keep 
track of the numbers are provided, and when a previously 
written file is to be rewritten, data is written as new 
data into different sectors; the old data is deleted, and 
the sector is managed on tables 5 and 6 as a new, writable 
area . 

[Effects of the Invention] 

Because files that undergo frequent rewriting, such as file 
management tables, are not allocated to specific sectors, 
the location of flash memory erasures does not concentrate 
on a specific locale, but is dispersed, which prolongs the 
life of the flash memory and increases reliability of the 
system as a whole. 
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2. WHAT IS CLAIMED IS: 

[Claim 1] A memory device using flash memory comprising: 
physical sectors, which are flash memory storage areas with 
numbers assigned; a means for associating logical sector 
numbers that are used for writing storage data with the 
physical sector numbers to which data is actually written; 
and a control unit that performs controls so that, when 
writing to the same logical sector number, it writes to a 
non-associated physical sector based on an erasure count so 
that the number of write operations performed will not be 
concentrated on a small number of physical sectors. 

[Claim 2] In the memory device of Claim 1, a memory device 
using flash memory comprising: physical sector reference 
means wherein the logical sector numbers of the data 
written in the physical sector areas, which correspond to 
the physical sector numbers assigned to memory areas, are 
registered; and logical sector reference means wherein into 
which physical sector the data in a logical sector has been 
written is registered in terms of physical sector number. 

[Claim 3] In the memory device of Claim 1, a memory device 
using flash memory comprising: erasure count reference 
means in which an erasure count is recorded for each 
smallest unit of flash memory erasure. 

[Claim 4] In the memory device of Claim 3, a memory device 
using flash memory wherein erasure count tracking means are 
provided that check an erasure count in an erasure tracking 
table each time that data is rewritten such that each time 
the erasure count reaches a specified integral multiple 
that is established so that said erasure count is less than 
a guaranteed memory rewrite count, the erasure count 
tracking means transfer data from a memory area with a 
small erasure count and write the data, so as to average 
out the number of erasures so that a different set of data 
is stored in memory areas that have a small erasure count. 
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[Claim 5] In the memory device of Claim 1, a memory device 
using flash memory comprising: state reference means that 
reference the state of each memory area of the smallest 
unit of flash memory erasure. 

[Claim 6] In the memory device of Claim 1, a memory device 
using flash memory wherein a write sector pointer is 
provided that indicates to which physical sector data is to 
be written during a write operation on the next logical 
sector, so that a regularity is conferred on the order in 
which sectors are written to, in such a way that the write 
sector pointer is counted up or counted down and the result 
is used as a memory access address value. 

[Claim 7] In the memory device of Claim 2, a memory device 
using flash memory wherein said physical sector reference 
means are comprised of non-volatile memory means, and said 
logical sector reference means are comprised of volatile 
memory means; wherein, when the system is powered up, the 
contents of said logical sector reference means are created 
from the contents of said physical sector reference means 
that are constructed in said non-volatile memory means, and 
the results are stored in said volatile memory means . 

[Claim 8] In the memory device of Claim 1, a memory device 
using flash memory comprising: memory means, such that, if 
the smallest unit of erasure of the flash memory is greater 
than the memory capacity of a physical sector, the memory 
area having said smallest unit of erasure is divided into 
multiple physical sectors, and to erase a physical sector, 
the memory means temporarily save the data from other 
physical sectors stored in the memory area within the same 
smallest unit of erasure. 

[Claim 9] In the memory device of Claim 8, a memory device 
using flash memory wherein, in order to speed up the flash 
memory writing operation, the memory means that temporarily 
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store write data are shared with the memory means of Claim 
8 that temporarily save data. 

[Claim 10] A flash memory chip wherein a memory area is 
provided, separate from a data storage area, that stores 
information corresponding to each minimum erasure unit, 
such that said information can be accessed using the same 
address as the address for accessing the smallest unit of 
erasure, and such that data output can be controlled 
separate from the control of data storage. 

[Claim 11] A flash memory chip comprising: a buffer area 
storing one or more sectors of data separate from the data 
storage area, such that data can be written into said 
buffer area from an external source, and the data that is 
written can be transferred and written to said data storage 
area. 

[Claim 12] A flash memory chip comprising: a buffer area 
storing one or more sectors of data separate from the data 
storage area, such that data from said data storage area 
can be transferred to said buffer area one sector at a 
time, and the transferred data in said buffer area can be 
fetched by an external source. 

[Claim 13] A flash memory chip comprising: a memory area, 
separate from the data storage area, that stores 
information corresponding to each minimum erasure unit, 
wherein if a faulty memory area arises in the data storage 
area, that location is registered and corrected. 

[Claim 14] An information device wherein the flash memory 
of Claim 1 is used as an auxiliary memory unit. 

[Claim 15] In an information device comprising a CPU, the 
main memory unit, BIOSROM, which stores initial settings 
and basic processing programs, and a memory unit using the 
flash memory of Claim 1 as an auxiliary memory unit, an 



- 5 - 



information device wherein the programs stored in said 
BIOSROM include a program that controls an HDD as an 
auxiliary memory unit, and wherein the memory unit using 
said flash memory is controlled by said control program. 

[Claim 16] In the information device of Claim 15, an 
information device comprising: test means that determine 
that the memory unit using the flash memory has reached the 
limit of its use due to deterioration of the flash memory 
device, and memory means that store the test results from 
said test means. 

[Claim 17] In the information device of Claim 16, an 
information device wherein said test means determine that, 
the limit of use is reached when at least one erasure 
operation on the flash memory, which is a memory medium for 
the memory unit, does not complete itself within a 
prescribed time. 

[Claim 18] In the information device of Claim 16, an 
information device wherein said test means add up the 
memory capacity for which an erasure operation on the flash 
memory, which is a memory medium for the memory unit, does 
not complete itself within a prescribed time, and determine 
that the limit of use is reached when the total exceeds a 
certain capacity. 

[Claim 19] In the information device of Claim 16, an 
information device wherein said test means record the 
number of erasure operations on the flash memory, which is 
a memory medium for the memory unit, and determine that the 
limit of use is reached when one or more flash memory units 
exceed a prescribed count . 

[Claim 20] In the information device of Claim 16, an 
information device wherein said test means record the 
number of erasure operations on the flash memory, which is 
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a memory medium for the memory unit, and determine that the 
limit of use is reached when the memory capacity of the 
flash memory that has exceeded a prescribed count exceeds a 
prescribed value. 

[Claim 21] In the information device comprising an 
auxiliary memory unit as a memory unit using the flash 
memory of Claim 1, a central processing unit, and a display 
unit, an information device comprising: test means that 
determine that said memory unit has reached the limit of 
its use due to the deterioration of devices in the flash 
memory, which is a memory medium; memory means that store 
the test results from said test means; and means of 
reporting to said central processing unit when said test 
means have determined that the limit of use has been 
reached. 

[Claim 22] In the information device of Claim 16, an 
information device wherein, when said test means have 
determined that said auxiliary memory unit has reached the 
limit of its use, said determination is reported to said 
central processing unit, and a warning is provided to the 
user by indicating on a display means that the use limit 
has been reached. 

[Claim 23] In the information device comprising an 
auxiliary memory unit as a memory unit using the flash 
memory of Claim 1, a central processing unit, and a warning 
sound generation unit, an information device comprising: 
test means that determine that said memory unit has reached 
the limit of its use due to the deterioration of devices in 
the flash memory, which is a memory medium; and memory 
means that store the results of testing from said test 
means; wherein when said test means have determined that 
the limit of use has been reached, this fact is reported to 
said central processing unit, and a warning is provided to 
the user by said warning sound generation unit. 
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[Claim 24] In the information device of Claim 16, an 
information device wherein the user can recognize that said 
memory unit has reached the limit of its use through a 
maintenance program that reads test results that are 
determined by said test means and stored in said memory 
means . 

[Claim 25] In the information device of Claim 15, an 
information device wherein, while the memory unit using the 
flash memory is performing processing, if the power supply 
for the information device is shut off, the processing is 
continued using a battery, which is provided in the memory 
unit using the flash memory, as a drive power supply. 

[Claim 26] In the information device of Claim 15, an 
information device comprising: a power supply control unit 
that controls the power supply in the information device, 
and a transmission means that, if the memory unit using the 
flash memory is in the midst of processing, transmits the 
processing status of the memory unit to said power supply 
control unit; wherein if the central processing unit that 
regulates data and program's computational processing for 
the information device stops its operation, said power 
supply control unit checks the processing status of the 
memory unit using the flash memory by means of said 
transmission means, and if the memory unit is in the midst 
of processing, the power supply control unit continues to 
supply power to the memory unit using the flash memory, and 
if the processing has ended and there is no longer a need 
for the supply of power, the power supply control unit 
shuts off the supply of power. 

[Claim 27] A memory unit using the flash memory 
comprising: deterioration diagnosis means that diagnose the 
degree of deterioration of memory cells for each memory 
area, which is the smallest unit of memory area by which 
data stored in the flash memory can be erased in batch; 
deterioration level memory means that store the results of 
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diagnosis by said deterioration diagnosis means; and memory 
content replacement means that replace the memory content 
stored in said memory area based upon the results of 
diagnosis by said deterioration diagnosis means and the 
memory content in said deterioration level memory means. 

[Claim 28] In the deterioration diagnosis means for the 
memory unit using the flash memory of Claim 27, a memory 
unit using the flash memory wherein the deterioration of 
memory cells is diagnosed based on an erasure count for 
each memory area, which is the smallest unit of erasure by 
which data stored in the flash memory is erased m batch. 

[Claim 29] In the deterioration diagnosis means for the 
memory unit using the flash memory of Claim 27, a memory 
unit using the flash memory wherein the deterioration of 
memory cells is diagnosed based on the length of time 
required for the erasure of the memory contents of the 
flash memory. 

[Claim 30] In the deterioration diagnosis means for the 
memory unit using the flash memory of Claim 28, a memory 
unit using the flash memory wherein the number of erasure 
operations performed on each memory area, which is the 
smallest unit of area for the batch erasure of flash 



memory . 



[Claim 31] in the deterioration diagnosis means for the 
memory unit using the flash memory of Claim 30, a memory 
unit using the flash memory wherein the erasure count to be 
stored is stored by truncating one or more lower bits so as 
to save the amount of memory which is required to store the 
extent of deterioration. 

[Claim 32] In the deterioration diagnosis means for the 
memory unit using the flash memory of Claim 27, a memory 
unit using the flash memory wherein the extent of 
deterioration to be stored is divided into two or more 
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levels based on the length of time required for the erasure 
of the memory contents of the flash memory, a corresponding 
number is assigned to each level, and the number is stored 
in memory. 

[Claim 33] A memory unit using flash memory comprising: 
deterioration diagnosis means that diagnose the 
deterioration of memory cells based on the number of 
erasure operations performed on each memory area, which is 
the smallest unit of area of flash memory from which stored 
data is erased in batch; deterioration level memory means 
that store said erasure count in memory; and memory content 
replacement means wherein, if said deterioration diagnosis 
means have determined that said erasure count has reached a 
prescribed erasure count, the memory content replacement 
means identify the memory area which is judged to have a 
low erasure count because it stores memory contents that 
resist the occurrence of deterioration, and transfer the 
contents of said memory area to the memory area that has 
reached said prescribed erasure count . 

[Claim 34] A memory unit using flash memory comprising: 
deterioration diagnosis means that diagnose the 
deterioration of memory cells based on the length of time 
expended on the batch erasure of data stored in the flash 
memory for each memory area, which is the smallest unit of 
area of flash memory; deterioration level memory means that 
divide the degree of deterioration into two or more levels 
based on the length of time expended on said erasure, 
assign numbers in correspondence with said levels, and 
store the results; and memory content replacement means 
wherein, if said deterioration diagnosis means have 
determined that deterioration has advanced one or more 
levels higher than the level of deterioration stored in 
said deterioration level memory means, the memory content 
replacement means identify, from said deterioration level 
memory means, the memory area that stores memory contents 
that resist the occurrence of rewriting and has a low level 
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of deterioration, and transfer said memory contents to said 
memory area with said deterioration level that is one or 
more steps advanced. 

[Claim 35] In the memory unit using the flash memory of 
Claim 27, a memory unit comprising: translated-address 
memory means that assigns an address to each memory area 
and is capable of address translations by storing the 
addresses of the replaced memory areas so that, when memory 
contents are replaced, subsequent access to the replaced 
memory areas is performed correctly; and address 
translation control means that perform correct access based 
on the memory contents. 

[Claim 36] An auxiliary memory unit using flash memory, 
wherein, after requesting the writing of data to said 
auxiliary memory unit, the information device that acts as 
a host for the auxiliary memory unit using flash memory 
terminates the output of said write data upon reception of 
a write-complete signal from said auxiliary memory, unit; 
while said auxiliary memory unit receives the data from the 
host into a memory unit other than the flash memory, and 
outputs said write-complete signal to said host information 
device upon the termination of data to the memory unit 
other than said flash memory. 

[Claim 37] In the auxiliary memory unit using the flash 
memory of Claim 36, an auxiliary memory unit using flash 
memory, wherein the write data from the information device 
that acts as a host for said auxiliary memory unit is 
stored in a memory unit other than the flash memory, 
wherein after the write-complete signal is output to said 
host information device upon completion of the data storage 
process, the data is transferred from the memory um-t other 
than the flash memory to the flash memory. 

[Claim 38] in the auxiliary memory unit using flash memory 
of Claim 37, an information device comprising: light 
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emission means in the casings for the information device, 
wherein, after a write-complete signal is output to the 
information device acting as a host, the light emission 
means indicate to the user that the processing is in 
progress while data is being transferred from a memory unit 
other than the flash memory to the flash memory. 

[Claim 39] In the memory unit of Claim 5, an auxiliary 
memory unit using flash memory, wherein the status to be 
referenced is either when said memory area has already been 
filled with write data or when memory cells have 
deteriorated and are write-disabled. 

[Claim 40] A method for storing data to flash memory, 
wherein physical sectors with numbers assigned are provided 
in the memory area of the flash memory; logical sectors 
with virtual numbers assigned are provided for the writing 
of memory data; in the process of writing data to said 
logical sectors, the logical sector numbers are not 
associated with the numbers for the physical sectors into 
which data is actually written; even writing to the same 
logical sector results in writing to different physical 
sectors; and the writing process is thereby dispersed so 
that the number of write operations performed on said 
physical sectors will not be concentrated on a small number 
of sectors. 

[Claim 41] A memory unit using flash memory comprising: 
flash memory that stores file data while having divided 
memory areas; erasure tracking means that store cumulative 
erasure counts on the individual memory areas; and data 
control means that transfer and write data to memory areas 
that have a low erasure count compared with a given memory 
area, and transfer and write data to said memory area with 
a low erasure count from memory areas that have a high 
erasure count . 
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3 . DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Scope of Utilization in Industry] 

This invention is directed at auxiliary memory units for 
small mobile information-processing devices; in particular, 
it relates to semiconductor file storage units using flash 
memory and information devices that incorporate those 
units . 

[0002] 
[Prior Art] 

in the prior art for auxiliary memory units for information 
devices, the magnetic storage unit is the most predominant 
device. in a magnetic storage unit, the file to be written 
is divided into storage units called sectors, and they are 
stored in correspondence with physical locations in the 
storage medium. In other words, when a file is rewritten, 
the file is written basically in the same location; to the 
extent that there is an increase in write data, data is 
written to new sectors. In contrast to this approach as a 
different auxiliary memory unit is the optical disc unit. 
Optical discs that are currently in common use can be 
written only once, and data cannot be erased from them. 
Therefore, when a file, already written, needs to be 
rewritten, no rewriting actually takes place; instead, the 
file is written to a different area, and the previously 
written data is nullified so that it will not be read 
again. Thus, in contrast to the magnetic disk system, the 
optical disc unit performs the function of an auxiliary 
memory unit by employing an approach wherein the rewritten 
data has no relationship whatsoever to the storage location 
in which the original data was written. In contrast to 
memory systems that provide the function of auxiliary 
memory units in which a disc is rotated and a large volume 
of data is accessed rapidly, semiconductor file storage 
units that use semiconductor memory as an auxiliary memory 
unit have received growing interest in recent years. In 
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particular, non-volatile, electronically rewritable memory 
(hereinafter referred to as EEPROM) is likely to become the 
mainstream in semiconductor file storage units. Among the 
technologies that implement this approach is Patent 
Disclosure H3 -25798, which represents a memory unit using 
EEPROM. The invention circumvents the limitation on the 
number of rewriting operations that can be supported, which 
is a drawback of EEPROM, and implements a practical memory 
unit using EEPROM. In a nutshell, the invention provides a 
plurality of memory devices, an erasure/rewrite count for 
each device is recorded and tracked, and when a specified 
count less than an EEPROM rewrite assurance count is 
reached, the writing is switched to another set of devices 
that is provided, so as to protect the stored data. 

[0003] 

[Problems to Be Solved by the Invention] 
In the optical disc unit approach in the prior art as 
mentioned above, whenever a file is rewritten, a memory 
area is destroyed, which means that the allocation of an 
adequate amount of memory areas requires an extremely 
large-capacity storage medium, which is a problem. 
Especially, memory units for information devices that 
involve extensive file rewriting require a large memory 
area even when the actual storage capacity [occupied by 
files] may not be large. On the other hand, in the case of 
magnetic disk systems that are most commonly used as 
auxiliary memory units, when a file already written is to 
be rewritten, new data is written to the same area. If 
this technique is applied to EEPROM, however, the file 
containing a list of stored files (commonly referred to as 
the directory file) and the file that provides a reference 
to the locations of files (the file allocation table) and 
other files undergo a rewriting every time write access is 
made to data, with the result that rewriting operations 
concentrate locally. In EEPROM, which is subject to a 
limit on the number of write and erasure operations that 
can be sustained, this type of operation significantly 
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reduces life. Patent Disclosure H3-25798 applying EE PROM 
describes an invention wherein the state of deterioration 
of memory devices is tracked in terms of erasure counts, 
and before a memory device breaks down, a switchover is 
made to substitute memory. However, this method requires a 
memory capacity that is more than double the actual storage 
capacity. Specifically, the substitute memory is not used 
at all until such time as the memory that is used first 
breaks down, and the broken memory, after it has broken 
down, becomes superfluous. This results in an extremely 
large amount of waste in terms of physical volume and 
weight. Moreover, given the fact that normal data 
rewriting does not occur in the entire memory, the fact 
that partial deterioration renders the entire memory chip 
unusable is economically wasteful- 



[0004] 

[Means of Solving the Problems] 

Flash memory, which is a type of EE PROM , permits the 
electrical erasure of data. Therefore, while being non- 
volatile memory, it permits the rewriting of data. 
Further, because the unit of erasure in flash memory is 
large compared with commonly used EEPROM, flash memory has 
a simplified cell structure, which permits an increased 
packing density. Thus, both physically and economically, 
the flash memory is well-suited for large-capacity 
auxiliary memory units when compared with other types of 
memory devices. Therefore, by conducting data storage and 
rewriting in a manner that minimizes the number of erasure 
operations in order to circumvent the limit on erasure 
count, which is a drawback, it becomes possible to use the 
flash memory as a device that supplants other types of 
auxiliary memory units. As a means of accomplishing this, 
similar to optical discs, data is written in such a way 
that there is little correlation between storage data and 
storage location, so that when data is to be written, it is 
appended, and if a previously written file needs to be 
rewritten, the memory area containing the old file is 
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nullified and rendered into an erasable area. And with 
some timing, garbage collection that erases the data in the 
nullified area is performed. Garbage collection involves 
the following: if data in a valid area, which need not be 
erased together with the data in the nullified area because 
of a large unit of erasure, the garbage collection process 
transfers the data in the valid area to another storage 
location, erases the original location, and makes it a new 
writable area. In addition, an erasure count tracking 
table that tracks erasure counts is provided, and the 
erasure count is incremented each time garbage collection 
is performed. And if a given block reaches a specified 
erasure count, the data is swapped between this block and a 
block that does not have a high erasure count . 

[0005] 

[Operation of the Invention] 

According to the means as described above, unlike the 
optical disc system, memory areas need not be disabled 
every time data is rewritten, and unneeded data can be 
erased to make the freed area into a memory area; and 
unlike the magnetic disk, rewriting operations do not 
concentrate locally to shorten the life of the flash 
memory. Even when the writable area shrinks to an 
extremely small area and the data to be rewritten becomes 
extremely limited and erased blocks concentrate on specific 
blocks, by swapping data in a block with a high erasure 
count with data in a block with a low erasure count, a 
storage method can be implemented that fixes neither the 
area in which rewriting operations occur frequently nor the 
areas in which rewriting operations do not occur 
frequently, so that the entire memory area can be used 
uniformly. Consequently, the deterioration of memory is 
diminished, and the method eliminates the need for the 
provision of alternate memory. 

[0006] 

[Embodiments] 
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Descriptions of embodiments of*. ^J^Z^ S to 
„ First we describe Embodiment 1 with rere 
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; ^.Implementation of Embodiment 1. Fig- 2 
diagram for tne imp memory chip 
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US ed in this Embodimen ^ F i 0 ^ pig . 4 is . 

the main routine for storage 

flowchart illustrating an erasure tracking routine. 
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First, we . figure. Reference Item 11 

reference to Fig. 2. In the fig ^ 
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13. the smallest unit of data eraSU ". erasable 

i, -piAc-Vi memory is an electricany 
erasure bloc,. Flash m V ^ ^ 

PROM; it is a type or erasure 
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7 » that in flash memory the packing density can be 
rdtrrrThan the normal EEPROM ma.es flash memory well- 
suited £ or large- capacity = system, ^ ^ 
entire memory chip H is ax 12 is one word (a 

— ^d" rrLtrt^ of memory,, the 
memo ry word area latger than one word, when 

erasure block 13 is a memory unit , a 512- 
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system specifications for ease of use. 

t0008] Hon we explain the system configuration 

•r-v, rP ferences to Figs. 3 and 4 . In the 
memory, with references storage of 

explanation that follows, we call the urn 

file data a sector. In this Embodiment, 1 sector 
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to 1 erasure block. In the figures, Reference Item 1 
denotes flash memory chips that store file data; 2, an 
access controller that generates access signals for flash 
memory 1; 3, a microprocessor that constitutes a flash 
memory-based external storage system through the 
manipulation of stored data and status data; 4, program 
memory that stores control programs that cause the 
processor 3 to operate; 5, a logical sector table that 
provides a reference on where in the flash memory 1 the 
data in a sector (a logical sector) indicated by a logical 
address is mapped; 6, a physical sector table that 
provides a reference to the logical sector numbers of file 
data that is mapped to the physical sectors indicated by 
physical addresses on the flash memory 1; 7 , an erasure 
count-tracking table that records the cumulative counts of 
erasure counts of physical sectors; 8, a status table that 
provides a reference to the status of physical sectors; and 
9, a write buffer that temporarily stores write data in 
order to speed up the data writing process. A description 
of the operation follows. When there is a read access 
request from a system (a host system) that makes requests 
for data access to this system, the processor 8 references 
the logical sector table 6 and determines the physical 
sector in which the applicable logical sector is stored, 
accesses the physical sector, and sends the requested data 
to the host system. Data write requests from the host 
system are explained in reference to the flowchart in Fig. 
3. The flowchart in Fig. 3 is a flowchart on the main 
routine for the program that is stored in the program 
memory 4, the flow of which is explained as follows: First, 
a write pointer that indicates the sector on which the next 
write operation is to be performed is set, and whether the 
sector indicated by the pointer is in a writable state is 
determined by means of the status table 8 (a) . The status 
table includes a flag that indicates that a sector is 
unusable due to deterioration because of a high erasure 
count, and a flag that indicates the data is already 
written to a physical sector; if these flags are raised and 
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a given physical sector is write-disabled, the pointer is 
moved to the next sector (b) . If the sector is writable, 
data is written to that sector (c) . If the operation is a 
rewrite of a logical sector to which data was already 
written, because the data in the logical sector that was 
previously written is no longer needed, a physical sector 
in which unneeded data is written is found from the logical 
sector table, the physical sector is erased, and 
simultaneously, the contents of the physical sector table 6 
that were written during the previous write operation are 
erased (d) . If the sector is erased, control jumps to the 
erasure-tracking routine, which will be explained later. 
Then, the physical sector number indicated by the write 
pointer is written to the logical sector table 5, and the 
logical sector number that was written to the location 
indicated by the write pointer is written to the physical 
sector table 6 '(e) . It should be noted that in Step (b) , 
the test whether data is already written may be written to 
the status table 8; alternatively, this test can be made 
using the physical sector table 6. For ease of 
determination, the bits for any unwritten sectors can be 
set to either all H or all L in the physical sector table 
6 in the following, we explain the erasure-tracking 
routine, mentioned earlier, with reference to Fig. 4. 
First, the erasure counter in the erasure-tracking table 
associated with the physical sector from which data was 
erased is incremented by 1 (a) . If the erasure count is 
less than a specified count, control returns to the mam 
routine; if it is equal to a specified count, data is 
swapped (b) . For data swapping, first the erasure-tracking 
table for all other sectors is checked, and a sector whose 
erasure count is the smallest and that has not undergone 
any data swapping is found (c) . The data stored in the 
sector that was found with a smallest erasure count is 
written to the sector that previously underwent an erasure 
operation (d) . After the writing process, swapping flags 
for the two sectors are raised in the status table (e) . 
The swapping flags are intended to prevent the following 
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possibility: whereas physical sectors with low erasure 
counts undergo frequent erasure operations by virtue of 
this routine, if there were no means of indicating this 
fact, sectors with low erasure counts could conceivably be 
re-selected, and in such a case, sectors with high erasure 
counts in which data was swapped could again undergo 
frequent erasures. When the swapping flag is raised, the 
contents of the applicable logical sector table and those 
of the physical sector table are rewritten (f) . Upon 
completion of the above steps, control returns to the main 
routine. It should be noted that because the sector that 
was selected because it had the lowest erasure count ends 
up being erased, the erasure counter in the erasure- 
tracking table must be incremented. Also, the swapping 
flag should be cleared when all sector flags have been 
raised, or the logical test must be reversed, i.e., if the 
value 1 indicated swapping, now the value 0 should be used 
to indicate swapping. Further, the specified count in Step 
(b) should be an integral multiple of a value less than the 
guaranteed rewrite count for the flash memory. For 
example, if the guaranteed count is 10000, a multiple of 
1000, 2000, or 5000 would be an appropriate choice. This 
routine ensures that data in a limited block undergoing 
frequent erasure operations is swapped with data in a block 
that has a low erasure count so that data from a sector 
that undergoes relatively few erasure operations is swapped 
with data in a block undergoing frequent erasure 
operations, and in this manner, the number of erasure 
operations can be averaged out. This approach is 
considered to be highly effective for the storage of data 
in normal auxiliary memory units. For example, whereas the 
area in which operating system programs are stored 
undergoes no rewriting at all, areas containing graphics 
data or text data, which is applications program data, 
undergo frequent data rewrite operations. Therefore, if 
erasure counts are not averaged out, because the memory in 
the system program area has no way of changing, no 
deterioration due to an increase in erasure count occurs, 
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and the memory in any other data areas undergoes frequent 
erasure operations within a limited memory space, with the 
result that its erasure count increases rapidly. Thus, the 
approach described herein can be especially effective under 
conditions in which there are relatively few available 



areas . 



[0009] 

The foregoing is a description of the operation of 
Embodiment 1. This Embodiment, with the incorporation of a 
processor, permits detailed control according to the 
contents of the program memory, it allows the write 
operations .to be sped up through the use of a write buffer, 
and the provision of a status table provides expansion 
potential for the recording of sector status information, 
in addition, the Embodiment provides the benefit of 
allowing optimal file management through the tracking of 
erasure counts to prolong the life of flash memory. 

[0010] . 
Next, we describe Embodiment 2 with references to Figs. 5, 
6, 7, 8, and 9. Fig. 5 is a hardware configuration diagram 
for Embodiment 2. Fig . 6 shows the internal memory 
organization in the flash memory for this Embodiment. Fig. 
7 is a flowchart depicting the main routine for the writing 
of data. Fig. 8 is a flowchart illustrating the cleanup 
routine that converts sectors containing unneeded data into 
write-disabled sectors. Fig. 9 is a flowchart for the 
erasure-tracking routine that keeps track of erasure 
counts . 

[0011] i. , * 

First, we explain the flash memory chip and the method for 
its use in this Embodiment with reference to Fig. 6. In 
the figure, Reference Item 52 denotes a unit of memory 
area, called a sector, that stores file data. Reference 
Item 53 denotes the smallest unit of data erasure, called 
an erasure block, which is comprised of a plurality of 
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sectors 52. Thus, in contrast to Embodiment 1, the erasure 
block 53 has a memory capacity different from sector 52. 
Item 54 denotes the entire memory chip. Although in the 
figure, this memory chip is comprised of a plurality of 
erasure blocks, conceivably, there can be one erasure block 
per chip. In this Embodiment, file data is stored sector 
by sector, and this Embodiment is applicable to memory 
chips wherein, when a request is made to rewrite the file 
data, the file data is erased by simultaneously erasing 
other sectors as well. Fig. 5 is the hardware 
configuration of this Embodiment. In the figure, Reference 
Item 41 denotes flash memory, which is a write data memory 
area, and each memory area is a memory chip 54; 42, an 
access controller that accesses the flash memory 41; 43, a 
processor that manipulates memory data and status data; 44, 
program memory that stores control programs that enable the 
processor 3 to run; 45, a physical sector table that 
provides reference to logical sector numbers that are 
stored in the physical sector 51 of the flash memory 41; 
46, a logical sector table in which physical sector numbers 
are recorded that provide reference to which physical 
sector in the flash memory 41 the data in the stored 
logical sector number is stored; 47, an erasure-tracking 
table in which erasure counts for blocks are recorded; 48, 
a status table in which status information on the various 
blocks is recorded; 49, a write sector count table that 
provides reference to the number of previously written 
sectors; 50, a write buffer that temporarily stores write 
data to speed up write operations; and 51, a cleanup buffer 
used for the execution of cleanup routines. 

[0012] 

Next, we describe the operation of this Embodiment. For 
read access, read access is performed through the 
referencing of the logical sector table 4 5 and the physical 
sector table 46, as in the case of Embodiment 1. On the 
other hand, if we explain write access with reference to 
Fig. 7, first, a write pointer is set, and the status table 
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for the block indicated by the write pointer is referenced 
(a) Thus, the write pointer in this Embodiment is a 
block-unit pointer. If the current block is broken down, 
the pointer is moved to the next block (b) . If the current 
block is not broken down, the write sector count table 49 
for the block is referenced (c) . If all sectors in the 
block have already been written to, control jumps to the 
cleanup routine, which will be explained later. If a 
sector that has not been written to exists, data is written 
to that sector (d) , and the applicable write sector count 
table is incremented by 1 (e) . Therefore, in Fig. 6 for 
example, if data written in the immediately preceding 
operation is written to physical sector 3 of block 1, the 
next write operation is performed on physical sector 4 of 
block 1. The actual write access control is performed by 
the access controller 2. In this case, when all sectors in 
the block on which write operations are performed have been 
written to, control jumps to the cleanup routine (f). 
After the write operations, the sector numbers that were 
written to the physical sector table and the logical sector 
table are recorded, respectively (g) . If the operation is 
a rewrite to a logical sector that was previously written 
' to the logical sector number that was previously written 
to' the physical sector table is erased. This operation is 
designed to indicate that the data in the physical sector 
is no longer valid. It should be noted that the operation 
in Step (f) is intended to reduce the length of required 
cleanup time; it should not be performed for the purpose of 
increasing the erasure efficiency for the flash memory. 
Turning now to the cleanup routine, the cleanup routine is 
an operation routine that is invoked when the block 
indicated by the write pointer is already written to all 
sectors, and the block is write-disabled. The reason that 
the cleanup routine is needed is that, in the write method 
that has been described thus far, the rewriting of data in 
a given file involves the writing to other physical 
sectors In other words, although the previously written 
data is no longer needed before data is rewritten, the 
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unneeded data remains stored in the memory and should be 
erased. However, if data is erased every time it becomes 
unneeded, such an operation can reduce the life of the 
flash memory with a limited erasure count. Therefore, the 
erasing is performed by means of a cleanup routine. The 
cleanup routine is performed when a block is filled with 
write data. The specific method for cleanup operations is 
performed according to the flowchart shown in Fig. 8. The 
following is a description of the parts of the flowchart: 
The physical sector table for the cleanup block is 
referenced, and a check is made to determine whether the 
block contains any erasable sectors, i.e., sectors that are 
no longer needed because their contents have recently been 
rewritten to other physical sectors (a) . If there is not a 
single erasable sector, control returns to the main 
routine; if there is even a single such sector, a cleanup 
operation is performed. First, the data in the block to be 
cleaned up is saved to the cleanup buffer 51 (b) , and the 
block to be cleaned up is erased (c) . After the erasure 
operation, control jumps to the erasure-tracking routine of 
Fig. 9, which will be explained later (d) . And, in the 
cleanup buffer, only those sectors that are still needed 
are returned to the block to be cleaned up (e) . The 
positions of the sectors when they are returned are such 
that, if they are returned to their original positions, 
neither logical sector table 46 nor the physical sector 
table 46 need to be rewritten. During the returning 
operation, a method that fills sectors in a block with the 
smallest sector number first facilitates the writing of the 
next new sector; however, such a method would require the 
rewriting of the logical sector table 45 and the physical 
sector table 46. In any case, the write sector count table 
must be rewritten to reflect the number of returned sectors 
(f ) . Next, we explain the erasure-tracking routine. Fig. 
9 is a flowchart illustrating the erasure-tracking routine. 
Basically, this flowchart is identical to the flowchart 
that was explained in Embodiment 1, with the exception of 
the fact that erasure is tracked in units of blocks rather 
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than in units of sectors. First, a check is made to 
determine whether the erasure count for the block that 
underwent an erasure operation has reached a certain count 
(a) If that count has not been reached, control exits the 
routine; otherwise, a search is made for the erasure counts 
for all blocks (b) , and a block with the smallest erasure 
count is found (c) . If the block that was cleaned up is 
not the same as the block with the smallest erasure count, 
the data in the two blocks is swapped (d) , using the 
cleanup data buffer 51 shown in Fig. 5. And, the swap 
flags for the swapped blocks are raised (e) . The erasure 
counter is incremented, and both the logical sector table 
and the physical sector table are rewritten (f ) . This is 
the operation of the erasure-tracking routine in this 
Embodiment. Similar to Embodiment 1, when erasure 
operations occur frequently in a limited number of blocks, 
this routine seeks to average out the number of erasure 
operations by swapping their data with data in the blocks 
that have received a relatively small number of erasure 
operations . 

[0013] 

The foregoing is an explanation of the operation of 
Embodiment 2. According to this Embodiment, in the cases 
when the erasure block is too large as a unit of write 
sectors, the erasure block can be divided for efficient 
utilization, which is a beneficial effect. 



[0014] . 
Next, we explain Embodiment 3 with references to Figs. 10, 
11 and 12. In this Embodiment, as in Embodiment 1, it is 
assumed that in the memory chip, the erasure blocks and the 
sectors of Fig. 2 have the same capacity. When the sectors 
are used, the configuration illustrated in Fig. 10 is 
assumed. in the figure. Reference Item 91 denotes a block 
consisting of a plurality of sectors. In this Embodiment, 
because units of sectors and units of erasure blocks are 
the same, the block 91 of this Embodiment is comprised of a 
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plurality of erasure blocks. Other reference numbers, 
already explained, are the same as those in Figs. 2 and 6. 
The hardware configuration is shown in Fig. 11. In the 
figure, Reference Item 101 denotes an erasure-tracking 
table in which an erasure count for each block 91 is 
recorded. Although details of this table will be explained 
later, effectively, the table stores the cumulative results 
of erasure counts in the block 91. Other reference numbers 
are the same as those in Figs. 1 and 5. Fig. 12 is a 
flowchart of the erasure-tracking routine of this 
Embodiment, and the main routine in this flowchart is the 
same as in Fig. 3. While the operation of the main routine 
is the same as Embodiment 1, we now explain, with reference 
to Fig. 12, the operation that occurs when control jumps 
from the main routine to the erasure-tracking routine. 
First, the counter for the erasure-tracking table for the 
block containing the sectors that are erased is incremented 
by 1 (a) . A test is made to determine whether the erasure 
count has reached a specified value (b) ; if it has, the 
erasure count for the previous block is checked, and the 
block with the smallest count that has not undergone data 
swapping is determined (c) , and the data is swapped between 
the two blocks (d) . A swapping flag is raised (e) , and the 
contents of the tables are rewritten (f ) . A feature of 
this Embodiment is that, in memory that permits erasure 
operations in units of sectors, erasure tracking is 
performed on a plurality of sectors, thereby simplifying 
the erasure tracking process, which can yield the 
advantages of a saving in wait time in the rewriting of 
large files and a reduction in the size of the erasure- 
tracking table. Therefore, this Embodiment is well-suited 
for large-capacity memory units for which it is difficult 
to perform erasure tracking on a sector-by-sector basis. 

[0015] 

'We now provide additional explanations on tables, including 
logical sector tables and physical sector tables, which are 
configuration elements in the embodiments that have been 
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described thus far. Given the fact that flash memory is a 
non-volatile memory, it goes without saying that the system 
of the present invention does not lose the data in its 
flash memory when the power supply is stopped when the 
system is not operating. However, no matter how long data 
is preserved, if the contents of a table are lost, the 
system will lose track of what data is stored in what 
sectors, which can render the data in the flash memory 
completely meaningless. Therefore, any data stored in a 
table must also be preserved when the power supply is 
stopped. However, it is not necessary to preserve all data 
in the table. For example, the data in the logical sector 
table can easily be created from the physical sector table. 
The converse is also true. In other words, it suffices 
that the data in one of the two tables is preserved. 
Therefore, the physical sector table is allocated in 
electrically erasable, writable non-volatile memory 
(EEPROM), and a logical sector table is created from the 
logical sector table when the system is started as the 
supply of the power is commenced. This arrangement permits 
the use of volatile memory for logical sector tables. 
Similarly, since the used-sector count table for the 
various blocks can also be created from the physical sector 
table, the used-sector count table is created in the 
volatile memory when the system is started. These tables 
can also be expanded in the main memory in the main system. 
Other tables that are used in the system include erasure- 
tracking tables and status tables, which cannot be created 
from another table. Because the data in a erasure-tracking 
table should not be lost, the table is allocated in the 
EEPROM. The status table is obtained when another write or 
erasure operation is performed; however, to save the 
trouble of performing those operations, the status table 
should be stored in the EEPROM. However, it can also be 
stored in the volatile memory in order to save memory. As 
for the medium in which these tables are stored, they can 
be stored in the same memory in order to reduce the number 
of required chips. For example, because both the physical 
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sector table and the erasure count table must be stored in 
non-volatile memory, they can be stored in the same EE PROM 
so that only one EEPROM chip will be required. In 
addition, if the processor is implemented as a single-chip 
microcomputer, relatively small tables, such as the used- 
sector count table, should be stored in the RAM core, which 
is built into the single-chip microcomputer. Fig. 13 shows 
a configuration diagram for Embodiment 4, which summarizes 
these arrangements. In the figure, Reference Item 111 
denotes a single-chip microcomputer with built-in RAM and 
ROM; 112, a RAM core in the single-chip microcomputer; 113, 
a ROM core in the single-chip microcomputer; 114, and an 
EEPROM chip; 115, either SRAM or DRAM. The other numbers 
that have already been described are the same as the 
preceding embodiments. The used-sector count table is 
stored in the RAM core 112. Microcomputer control programs 
are stored in the ROM core 113. The physical sector table 
and erasure-tracking table are stored in the EEPROM 114. A 
logical sector table is stored in the RAM 115. The free 
area in the RAM 115 can be used as a cleanup data buffer 
for the execution of the cleanup routine shown in Fig. 9, 
and as a write buffer for speeding up the write process. 
In this manner, according to this Embodiment, tables and 
buffers can be grouped together to match the features of 
the memory medium, thereby reducing the number of required 
chips. By contrast, Fig. 2 4 is an embodiment wherein the 
system is configured by omitting EEPROM. This 
configuration can be implemented by storing the non- 
volatile table data, explained in Embodiment 4, in the 
flash memory 1. In the figure, Reference Item 116 denotes 
a table storage area that is provided in the flash memory 
1. However, because flash memory is not well-suited for 
the updating of small-unit data, such as table data, table 
data is stored in the flash memory 1 immediately before the 
power is turned off; in the normal usage state, such table 
data is stored in volatile DRAM or SRAM 115. In other 
words, when the power for the system under the present 
invention is shut off, the required data from the contents 
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of RAM 115 is transferred to the flash memory 1, then the 
power is shut off, and when the power is turned on again, 
the data is loaded from the flash memory 1 to the RAM 115, 
and normal operations are commenced. Therefore, the memory 
area 116 for the storage of tables must always be allocated 
in the flash memory. This storage location, however, need 
not be fixed. If the location is not fixed, an area 
indicating the address at which the table is stored is pre- 
allocated, and the address at which the table is stored is 
always recorded, and in this manner the need for searching 
for table positions at the time the power is turned on can 
be eliminated. 

[0016] 

Further, Figs. 14, 15, 16, and 23 show embodiments m the 
configuration of the flash memory itself. Fig. 14 
illustrates a memory area for tables that is provided in 
the flash memory chip, in units of erasure blocks, separate 
from the data area. By writing physical sector tables and 
erasure counts for each block into this memory area, the 
need for EE PROM can be eliminated. In the figure. 
Reference Item 131 denotes an erasure block; and 132, a 
memory area for tables, which is added for each erasure 
block 131. The data stored in the table 132, corresponding 
to the erasure block 131, can be accessed using the same 
address as the erasure block 131, and file data and table 
data can be output separately through selection by means of 
signal lines and mode selection. This arrangement ensures 
that the data area and the table area have the same life, 
and eliminates the possibility of the flash memory being 
rendered unusable due to a breakdown in the table when the 
data area 131 is still usable. Such a tendency grows 
stronger if the data area and the table area are in 
proximity to each other. In addition, because a table is 
constructed for each erasure block, the sharing of address 
lines can be implemented in a simple manner. Fig. 23 (a) 
shows an example of memory area 132 for tables. In the 
figure, Reference Item 133 denotes an entire unit block of 
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erasure; 134, a file data area in the block; 135, an area 
that stores logical numbers for the block, with an 8-bit 
memory capacity; 13 6, a status table with a 16-bit capacity 
that indicates the status of the block. The contents of 
the status table 13 6 include an erasure count- tracking 
table, a usage-disabled flag, an already -swapped flag, and 
a correction flag. Any bits that are not used in the 
status table 136 can also be used to store block numbers. 
Further, Fig. 23 (b) is an example of table area 132 that 
is provided with an error correction area, and Reference 
Item 137 is an area that indicates error correction spots. 
The memory capacity of this area is set according to the 
correction capacity of the system. For example, if the 
error correction area is 8-bit for a memory chip wherein a 
word is organized in terms of 16 bits per word and has a 
512B erasure block organization, the correction capacity is 
one word. In other words, the number of a word containing 
bad bits is written in this area, and correction data can 
be written in other areas. In this manner, correction can 
be implemented during the read process by replacing the 
data in the affected word. The correction data area can be 
provided in the table or grouped in other memory areas. In 
the former case, all data correction can be handled within 
a table. However, because a correction data area must be 
provided for each block, this approach results in a large 
redundant area in the entire chip. The latter case 
requires a means for indicating the area in which 
correction data is written, and because it requires access 
to other memory areas, this approach results in an increase 
in access time; however, the redundant area can be set 
either large or small, depending upon the amount of 
correction data involved. It should be noted that the area 
into which correction data is written can be specified by 
using any excess bits in the status table area 136. In the 
following, we explain an example of a correction data area 
with reference to Fig. 15. In Fig. 15, separate from a 
data memory area, an EE PROM- type memory area 13 8 that can 
be written to in small units, such as in one byte or one 
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word, is provided. Corrections can be implemented by using 
this area as a correction table, wherein correction data is 
written into the table in advance, and when data from a 
location to be corrected is read, the data from a specified 
location is read and used for replacement. Fig. 15 can be 
thought of as an embodiment that seeks similar effects by 
organizing tables that are not in the vicinity of erasure 
blocks for the corresponding data area, but by organizing 
them as a group. In this case, the constituent elements in 
the figure are similar to those in Fig. 14, wherein the 
memory cells are organized as a group in the chip, which 
produces the benefit of a simplified memory cell 
organi zat ion . 

[0017] 

Fig. 16 is a flash memory chip with a different 
configuration. In this configuration, a buffer area 142, 
separate from the data memory area 141, which temporarily 
stores data, is provided in the memory chip. This part can 
be volatile memory. Reference Item 143 denotes an address 
counter that counts up based on clock input. During write 
access, the write data is written into the buffer area 142, 
and when an address is input, a plurality of data items is 
at once transferred to the data area 141 so that they can 
be written. The use of this type of memory eliminates the 
need for an external write butter for speeding up the write 
process. Conversely, during a read operation, addresses 
can be input from the data area 141, and if a plurality of 
data items can be transferred to the buffer area 142 in a 
single operation, read access can also be simplified. In 
this case, the buffer can be serial access memory, which 
does not require the input of contiguous addresses. The 
ease of use can be further improved by providing an 
internal address counter 143, so that when a clock is 
input, the internal address counter counts up, and data can 
be output through access to contiguous areas. It should be 
noted that the most effective organization of a buffer area 
is one in which each sector is configured as a unit. The 
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buffering effect can be improved by organizing the buffer 
into multiple units, not limited to a single unit per 
buffer. For example, if a sector is an erasure block, and 
if one buffer that stores data for one sector is provided, 
read/ write operation on a sector can be performed at a 
time. If a plurality of buffers is provided, data write 
operations encompassing a plurality of sectors can be 
accepted, and for read operations, read data for a 
plurality of sectors can also be prepared. The use of this 
buffer provides the benefit of eliminating the need for an 
external cleanup buffer. 

[0018] 

In the following, we explain an embodiment that applies the 
memory unit using flash memory, described in the foregoing, 
to an information-processing system. Fig. 17 describes an 
interface circuit that connects a memory unit using flash 
memory (hereinafter referred to as a "flash file system") 
to an information-processing system (hereinafter referred 
to as a "host"). In the figure, Reference Item 201 denotes 
an external I/O bus of the host. Standard buses that can 
be used include ISA, EISA, microchannel , and SCSI buses. 
Reference Item 202 denotes a bus buffer or a bus controller 
that is used to convert a signal on a standard bus into 
that for a dedicated bus. Systems in which this bus is 
omitted can also be considered. Connected to these 
components is an external storage unit or an auxiliary 
memory unit that is provided on the host side for the 
storage of data that cannot be stored in the host system's 
own main storage unit or extended storage unit, data that 
cannot be stored in memory units such as display memory 
units, or data that needs to be retained after the power is 
shut off. Common among these units are a floppy disk drive 
203 and a hard disk drive 204. In addition, a flash file 
system 205 is connected. It is not necessary that all of 
these auxiliary memory units are connected to the host 
system; they can be selected and connected by the user as 
appropriate. Attached to the flash file system 205 is an 
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interface circuit 206. Reference Item 207 denotes 
interface registers; 208, a command register, which is a 
register in the group of interface registers; 209, an 
address decoder circuit for the interface registers; and 
210, a command interrupt signal. The other numbers that 
have been described previously are the same as those that 
have been explained in the foregoing, with the exception of 
the fact that the programs that are stored in the program 
memory 4 include a program that responds to commands, 
centered on access requests from the host, in addition to 
file data control and management programs. The host issues 
commands to the auxiliary memory unit through the host bus 
201 This operation is performed by writing a command code 
into the command register 208, which is a member of the 
group of interface registers 207. The interface registers 
207 include all the registers that a hard disk drive has as 
interface registers, and they have matching register 
specifications so that they behave exactly the same as when 
the host accesses the hard disk. We believe that it would 
be effective to match this register with interfaces for 
other auxiliary memory units, such as a floppy disk drive 
or an optical disc drive. Although it may appear as if 
interfaces for a plurality of auxiliary memory units are 
supported simultaneously, and as if the host uses a 
separate auxiliary memory unit, in actuality, a single 
flash file system handles the functionality of all these 
units, which is significantly effective in terms of space 
savings. Now, when a command is written by the host, the 
command register 208 issues an interrupt signal 210 to the 
processor 3. Upon reception of this signal, the processor 
3 interprets the command code, and responds to the command 
request from the host. It should be noted that the 
interface registers 207 and the commands are all compatible 
with the hard disk drive; however, due to differences in 
storage media, some registers or commands are superfluous 
and others may have different processing functions. For 
example, although formatting is essential to magnetic disk 
units, it is not needed in semiconductor disk drives; 
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therefore, no particular formatting processing is 
performed, or data is simply rewritten to data with 
regularity. In the following discussion, read/write 
operations on file data are performed in the same manner as 
those that were explained in the preceding embodiments. 
Although the figure applies to Embodiment 1, it can be 
applied without modification to other embodiments that have 
been explained thus far or embodiments that will be 
explained in what follows. 

[0019] 

Fig. 18 is an example configuration diagram for a personal 
computer in which a flash file system is used as an 
auxiliary memory unit. In the figure, Reference Item 221 
denotes the CPU for this information device; 222, a 
coprocessor; 223, a standard I/O bus that is built into the 
information-processing system of this Embodiment; 224, a 
bus unit that constitutes the standard I/O bus 223; 225, a 
memory control unit that accesses high-speed memory, such 
as the main memory or expansion memory; 22 6, the main 
memory; 227, BIOS ROM that stores the basic control 
program; 228, a keyboard controller, to which a keyboard is 
assumed to be connected; 229, a display adapter, to which 
some display device is assumed to be connected; 230, 
expansion memory; 231, a parallel port interface to which a 
printer and other devices are connected; 232, a serial port 
interface, to which a mouse and RS232C devices are 
connected; 238, a floppy disk drive; 234, a buffer 
controller that converts the standard I/O bus 223 into a 
standard HDD interface; and 235, a flash file system. The 
internal components of the flash file system are organized 
as described in the previous embodiments. Reference Item 
23 6 denotes an interface unit that receives and passes data 
upon reception of a file access request, and this 
corresponds to the interface registers 207 and the address 
decoder 209 in Fig. 17; 237, a control unit that performs 
data management and control functions internal to the flash 
file system 235, comprised of the processor 3, the program 
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memory 4, the access controller 2, and the write buffer 9 
in Fig. 17; 238, a flash memory array that stores file 
data; 239, an information table that stores information for 
the management of data and memory, including all of the 
tables 5, 6, 7, and 8 in Fig. 17. We now explain the 
operation of the embodiment. When the power is turned on 
and the flash file system begins to operate, first, the CPU 
221 accesses the BIOS ROM 227 through the standard I/O bus 
223, and performs an initial diagnosis and initial setting. 
Then, the system program is loaded from the auxiliary 
memory unit to the main memory 226. This embodiment 
incorporates the flash file system 235 as an auxiliary 
memory unit, with the condition that the CPU 221 operates 
by accessing the HDD through the standard I/O bus 223 and 
by using the HDD controller 234. Therefore, the flash file 
system 235 supports an interface function that is 
completely HDD-compatible by means of the internal 
interface unit 236. Upon completion of the loading of the 
system program, processing is carried out according to the 
user's processing requests. The user carries out his tasks 
by performing input/output processing by using the KBDC228 
and the display adapter 229 that are installed on the 
standard I/O bus 223. And, as necessary, the user uses I/O 
devices that are connected to the parallel interface 231 
and the serial interface 232. If the available main memory 
capacity on the main memory on the system unit runs out, 
the main memory is supplemented by using the expansion RAM 
230 When reading or writing a file is desired, the user 
makes a request for access to the auxiliary memory unit, 
assuming that the HDD is an auxiliary memory unit. Upon 
reception of that request, the flash file system 236 
performs access to the file data. In this embodiment, the 
flash file system is adopted as if an HDD, currently the 
most common auxiliary memory unit, is installed on a 
standard I/O bus in a standard personal computer. 
Therefore, even when a flash file system is adopted as a 
new storage medium, the BIOS ROM and the system program can 
be used without modification from a configuration in which 
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an HDD is installed. Whereas the above embodiment uses a 
standard personal computer as an example, information 
devices with a configuration in which the main memory and 
expansion memory are installed on the standard I/O bus and 
a coprocessor, a parallel interface, or a serial interface 
does not exist are also conceivable; the present invention 
can also be applied to these configurations. 

[0020] 

In the following, we explain an embodiment that can handle 
the occurrence of a malfunction in flash memory, with 
reference to Fig. 19. As mentioned previously, in 
principle, flash memory is subject to a limit on the number 
of times it can be rewritten. As deterioration due to 
rewriting progresses, the amount of time consumed in 
erasing or writing data increases, and problems arise in 
data retention reliability. Therefore, if it is determined 
that the flash memory has reached a condition where it 
should not be used due to memory deterioration, the use of 
its memory area or memory chip should be suspended. As 
such areas increase and if it is determined that the flash 
file system as a whole has approached an expiration point, 
the use of the flash file system should be suspended. 
Conceivable methods for the detection of deterioration of 
flash memory include a method based on inadequate erasure, 
wherein when erasure operations are conducted repeatedly, 
complete erasure is not accomplished within a specified 
number of operations or the erasure time is greater than a 
specified length of time; a method based on inadequate 
writing, wherein, when write operations are conducted 
repeatedly, complete writing is not accomplished within a 
specified number of operations; and a method based on 
tracking the erasure count, wherein the number of erasures 
conducted has exceeded a specified count. And when the 
amount of memory that has become unusable due to 
deterioration has reached a specified value, the flash file 
system is judged to have reached the limit of its life. 
Fig. 19 shows an embodiment that implements a means of 
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warning the user about this fact. In the figure, Reference 
Item 240 denotes an interrupt signal that conveys to the 
host system that the controller inside the flash file 
system has recognized the limit of use of its own system, 
and 241 denotes an error report register that indicates 
that the system has reached its usage limit. Upon 
reception of the interrupt signal 240 through the HDD 
buffer 234, the host accesses the register 241 in the flash 
file system, grasps the situation, and reports to the user 
as appropriate. Fig. 20 shows software that implements 
this operation in terms of a flowchart, wherein (1) xs a 
flowchart for a check routine in the flash file system; and 
(2) a flowchart for a user warning program in the host 
system. in the following, we describe the operation of the 
software while explaining the figure. When detecting a 
memory area that appears to have reached its usage limit, 
the controller for the flash file system jumps to this 
routine, and adds the capacity of the expired memory area 
(a) When a certain usage limit has been reached (b) . as 
an error description, the controller writes a value 
indicating that the usage limit has been reached to the 
error report register in its system (c) . Then, the 
controller outputs an interrupt signal to the host (d), and 
exits from the routine. It should be noted that the sum of 
capacities in Step (a) must be retained either in the flash 
memory or in other types of memory. The limit on the 
remaining capacity, shown in Step (b) , must be set 
according to the particular system, as appropriate. The 
host system, which receives an interrupt signal according 
to Step (d), suspends the processing at a suitable stop 
point, and enters into the routine shown in flowchart (2). 
First, the host system accesses the error report register 
in the flash file system to determine the reason for 
reception of the interrupt (e) , and if the interrupt is a 
usage suspension request because the flash file 
reached the limit of its use (f), the host system prohibits 
further access to the flash file system (g) , and warns the 
user (h). Conceivable methods of warning include: a visual 
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method, in which a warning indicator using a display device 
" the infection device is installed; and an audio method 
that generates a warning sound. In addition, only write 
access should be prohibited with the read access intact, 
that the file data can be backed up. This Embodiment is 
capable of immediately notifying the user when the flash 
file system has reached its usage limit, thus enhancing 
data reliability. In another embodiment, the interrupt 
signal 240 of Fig. 18 is not provided; instead, on each 
access, the host system reads the error report agister 
and executes the routine (2) described in Fxg. 20. This 
Em bodiment, while involving no changes to the conventual 
hardware configuration for the host system, can produce 
usage limit reports by directly replacing the HDD. In 
another embodiment, the host system periodically executes a 
m aintenance program, and reads the error report register 
241 to check whether the usage limit has been reached and 
recognizes the usage limit. This embodiment does not 
require any modification of the BIOS program for the host 
system or the system programs. 

[0021] 

in the following, we show an embodiment that handles 
processing when the power supply is shut off. The flash 
file system under the present invention is basically an 
auxiliary memory unit, for which the general configuration 
is that the power for the flash file system is supplied 
from the host system. However, because operationally the 
flash file system runs asynchronously from the host, the 
flash file system may be running when the host is not 
running. However, if the user handling the host is unaware 
Tit, conceivably, the user can inadvertently shut off the 
power for the host, which results in the stoppage of the 
supply of power to the flash file system when it is still 
running. Fig. 21 illustrates an embodiment that addresses 
this situation. Fig. 21 is a system diagram for a 
configuration that supplies the battery-based backup power 
so that the flash file system can continue to run even 
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after the supply of power from the host is shut off. In 
the figure, Reference Item 2 51 denotes an information 
device, such as a personal computer, that acts as a host; 
252, a flash file system; 253, a backup battery; and 253, a 
reverse flow breaker circuit that prevents the power from 
the battery from flowing back to the host 2 51 when the 
power from the host 251 is shut off; 256, a detection 
circuit that detects the stoppage of power supply from the 
host 251; 256, a detection signal, which is an output from 
the detection circuit; 257, a circuit breaker that shuts 
off the power from the battery 253 to the flash file system 
252; and 258, a shutoff signal that trips the circuit 
breaker 257 because the flash file system 252, which 
terminated the processing that was running, no longer needs 
power. When the power is supplied from the host 2 51, the 
flash file system runs on the power supply for the host 
251. By suitably adjusting the output voltage from the 
battery 253 and the supply voltage for the host 251, 
trickle recharging can be effected on the battery 253. 
However, if the battery 253 is not a secondary battery, 
flow-prevention diodes need to be added. When the power 
for the host 251 is shut off and the supply of power to the 
flash file system 2 52 stops, the power is supplied from the 
battery 253, which enables the flash file system to 
continue to run. When the power supply shutoff detection 
circuit 2 66 detects that the power supply has been shut 
off, the flash file system recognizes this fact by means of 
the detection signal 256, completes the current processing, 
and subsequently performs power supply shutoff processing. 
The power supply shutoff processing at the end uses the 
shutoff signal 258 to shut off the battery circuit breaker 
257 and terminates the operation of the flash file system. 
The types of reverse-flow shutoff circuits 254 that can be 
used include a reverse-flow prevention diode. In this 
Embodiment, the host 2 51 is completely isolated from the 
flash file system in terms of signals, the flash file 
system only performs data exchanges in response to access 
requests from the host, and any stoppage of operation of 
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the host can be confined to the host. In other words the 
the host can icatio n to its hardware due to 

host does not require a modification 
the connection of the flash file system. 

Pig 22 22 illustrates another embodiment that handles the 

, iw eko host The example given in 

shutoff of the power for the host. u continues 

Fig. 22, however, involves a method that actual y 
to supply power from the power supply for the host In 
fLure Reference Item 258 denotes a power supply 1- 
Lading from the host 251 to the flash file sys em 2 2^ and 
2 59 , a power supply busy signal that indicates that the 
flash file system 252 is running and that it retires the 
supply of power. The power supply circuit for the host 251 
aoes not stop the supply of power as long as the power 
supply busy signal is active, even when the power supply 

wl t=n is turned off, it stops the supply of power when a 1 
orocessing by the flash file system has terminated and the 
power supply busy signal has become inactive. In other 

not shut off even when the power switch or he host ^ 
information device is turned off, and tne no 

„ To essing by the flash file system 252 terminates. In 
this embodiment, the host controls the power supply by 
recognizing the termination of operation by the flash file 
ITZl. which eliminates the need for a baexup power supply 
St. and thus Produces the benefit of simpli ying be 
power supply circuit configuration of the flash 
system. 

iTZ following, we describe Embodiment 5 of the present 
M Fia 25 illustrates a hardware configuration 

: n hi™e m ::i-the ^ — r » T « sZt 

invention. Fig. *i , 
For convenience, we begin by explaining Fig. 2S. In the 
figure. Reference Item 311 denotes a memory area in units 
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of 512 bytes (4 kilobits) . Because it is a sector into 
which actual data is written, the memory area is referred 
to as a physical sector. By contrast, it is assumed that 
the supplier of data to be stored keeps track of data by 
means of virtual sectors, which are called logical sectors. 
All physical sectors 311 and logical sectors are assigned 
numbers, which have no correlation among them. Reference 
Item 312 denotes an erasure block that serves as a unit of 
batch erasure of data. The size of this block varies from 
one type of memory to another. For example, if an erasure 
block unit is 16 kilobytes, 32 physical sectors make up one 
block. Reference Item 313 denotes a memory chip. In the 
case of a 4 -megabit chip with a 16-kilobyte erasure unit, 
the chip is divided into 32 blocks and 1024 sectors. If 
memory can be erased only in units of chips, one chip 
equals one block, and if memory can be erased in units of 
physical sectors, the number of blocks is equal to the 
number of physical sectors. In flash memory, random access 
is possible in a given block, if the block has undergone an 
erasure operation. However, if a block is written, it 
cannot be rewritten unless it is subjected to erasure. 
Therefore, in a memory in which multiple sectors make up a 
block, sectors should be erased only if all of the sectors 
have been written. In the following explanation, it is 
assumed that the flash memory is a 4 -megabit chip, and that 
an erasure block is 16 kilobytes (128 kilobits). Fig. 26 
illustrates memory with this organization. Fig. 25 
illustrates a hardware configuration using this memory chip 
313. In the figure, Reference Item 301 denotes flash 
memory, which is a write-data memory area; 302, an access 
controller that accesses the flash memory 301; 303, a 
processor that manipulates stored data and status data; 
304, a logical sector table in which physical sector 
numbers are recorded to provide reference to which physical 
sector in the flash memory 3 01 the data for a stored 
logical sector number is stored; 305, a physical sector 
table that provides reference to logical sector numbers 
that are stored in the logical sector 311 of the flash 



- 41 - 



memory 3 01; 306, a block table that stores status 
information on the various blocks, where information such 
as whether a given block is available, and how many sectors 
have been written into that block, is recorded; 307, a 
write buffer that temporarily holds write data because in 
flash memory, the speed of writing is significantly slower 
than the speed of reading, so that the bus mastership can 
be returned speedily to the data supplier side; and 308, a 
cleanup data buffer that temporarily holds cleanup data in 
the cleanup routine, which will be discussed later. Fig. 
27 is a flowchart that describes the operation of the 
processor 303 of Fig. 25, for the performance of writing 
operations in the configuration of Fig. 25. In the 
following, we explain the operation with reference to this 
flowchart. The data to be written is stored in units of 1 
sector = 512 bytes. Thus, any data less than 512 bytes is 
also stored in a 512-byte memory area. Numbers, called 
logical sector numbers, are assigned to sector-by-sector 
data. The data supplier side only needs to keep track of 
the logical sector numbers . Suppose now that the data 
supplier side makes a request for writing one sector of 
data. A logical sector number is assigned to the data. 
Subsequently, even when rewrite operations occur, the data 
is identified in terms of the logical sector number. On 
the other hand, the data storage side determines where this 
data is to be stored. The location where the data is to be 
stored is the first unwritten to sector in the block that 
is indicated by the write pointer. In other words, it is 
the next sector from a previously written physical sector. 
For example, in Fig. 26, if the result of one previous 
write operation is written into the third physical sector 
of the first block, the next write operation will be 
performed on the fourth physical sector of the first block. 
The processor 303 determines the location of data storage 
by accessing the block table. This operation is 
illustrated in Step (a) in the flowchart. In Step (b) , if 
the write operation poses no problem, the write sector 
count for the block is incremented by 1, and then the data 
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is written. The actual write access control is performed 
by the access controller 302. After the write operation is 
completed, the sector numbers that are written to the 
physical sector table and logical sector table are 
recorded, respectively. If the operation involves a 
rewriting of a previously written logical sector, the 
logical sector number that was previously written to the 
physical sector table is erased. The purpose of this 
operation is to indicate that the data in the affected 
physical sector is no longer valid. The cleanup routine in 
Step (c) is an operation routine that is invoked when the 
all the sectors in the block indicated by the write pointer 
are already written to and are unavailable for further 
write operations. This will be explained with reference 
to the flowchart to be described later. Step (d) is an 
operation wherein the block is broken down or control 
shifted to the cleanup routine, and write operations are 
disabled, and consequently, any writing to that block is 
canceled and a write operation is performed on the next 
block. On the other hand, during read access, the logical 
sector table is referenced using a logical sector number of 
the sector in which the requisite data is stored, a 
physical sector number is determined, and the required data 
is read. In the following, we explain the cleanup routine. 
The reason that a cleanup routine is needed is that the 
write methods that have been described thus far involve the 
writing to another physical sector when data in a given 
file is to be rewritten. In other words, although the data 
that was written before a rewrite operation is performed is 
no longer needed, but it remains stored in the memory, and 
it must be erased. However, given that flash memory has a 
finite erasure count, erasing data every time it becomes 
unneeded results in a decrease in its useful life. For 
this reason, erasure is performed by means of the cleanup 
routine, which is executed when a block has become full 
with write data. Specifically, clean-up is performed 
according to the flowchart shown in Fig. 28. In the 
following, we describe the various steps in the flowchart: 
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(a) Save all data once in the block to be cleaned up to the 
cleanup data buffer 308 of Fig. 25. (b) Erase the block 
when the block becomes erasable because of the saving. (O 
By referencing the physical sector table for the sectors 
contained in the clean-up data buffer, determine whether 
the data is still needed or no longer needed, (d) If the 
data is still needed, write it again into the block. This 
concludes a description of the operation of an embodiment 
of the present invention. According to this Embodiment, 
the erasing of the various erasure blocks in the flash 
memory does not concentrate locally, but instead it is 
performed sequentially, the benefit of a prolonged life can 
be expected. In addition, this Embodiment produces the 
benefit of compensating for the drawback of a slow write 
speed in the flash memory. In addition, because unneeded 
data is efficiently erased, as a semiconductor disk, the 
Embodiment provides the benefit of constantly maintaining 
the storage capacity of the disk. 

[0024] . , Q 

in the following, we describe another embodiment. Fig. 29 
shows an embodiment of a system that determines the 
deterioration of flash memory. In the figure, Reference 
Item 401 denotes a flash memory cell; 402, an erasure-time 
measurement timer that measures the length of time from the 
beginning to the end of erasure control; 403, an erasure 
control circuit that performs controls so that the data 
written in the flash memory cell 401 can be erased; 404, a 
deterioration level-tracking table that stores the level of 
deterioration of the flash memory cell 401; 405, a 
controller that coordinates and controls these items; 406, 
an activation signal that simultaneously starts the 
erasure-time measurement timer 402 when the deterioration- 
tracking controller 405 causes the erasure control circuit 
403 to commence the erasure process; 407, a termination 
signal that enables the erasure control circuit 403 to 
inform the erasure-time measurement timer 402 of the 
termination of the erasure process; and 408, measurement 



- 44 - 



data from the erasure-time measurement timer. Fig. 30 is a 
flowchart that describes the operation of the controller 
405 of Fig. 29. The determination of flash memory 
deterioration is performed according to this flowchart. A 
description of the operation of this process follows with 
references to Figs. 2 9 and 30. First, when the need for an 
erasure operation on a certain memory cell 401 arises for 
overall system controls, the controller 405 receives an 
erasure request (Fig. 30 a) . Then, the controller 405 
instructs the erasure control circuit 403 in terms where 
the erasure is to be performed, and instructs the circuit 
to begin the erasure process (Fig. 30 b) . Upon reception 
of these instructions, the erasure control circuit 403 
begins an erasure operation on the applicable memory cell 
401 (Fig. 30 c) . Simultaneously, the controller 405 starts 
the erasure-time measurement timer 402 (Fig. 30 d) . The 
controller 405 waits until the erasure process terminates. 
When completing the erasure of the memory cell 401, the 
memory control circuit 403 notifies the controller 405 of 
the event (Fig. 30 e) . By referencing the erasure-time 
measurement timer 402, the controller 405 recognizes the 
amount of time spent on the erasure process, determines the 
extent of deterioration, and assigns a corresponding number 
to the memory area. For example, the extent of 
deterioration can be divided into eight levels, so that if 
the amount of time consumed is the same as an unused 
status, a "0" value is assigned, and if deterioration has 
progressed extensively to render the memory area unusable, 
a value "7" is assigned, and intervening levels are 
assigned numbers "1" through "6". The number assigned to 
the particular memory area is stored in the deterioration 
level tracking table 404 (Fig. 30 f ) . The division of the 
extent of deterioration into eight levels permits the 
assignment of one byte to a memory area, which facilitates 
tracking. The various memory areas are handled based on 
the deterioration level tracking table. Each time the 
extent of deterioration of an area rises by one level, data 
from a lower deterioration level area is transferred to 
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this area in order to arrest the progression of 
deterioration, so that the extent of deterioration for all 
me mory areas will average out. Further, any area that has 
reached the final level of deterioration is dxsabled from 
use This is the type of processing that is performed by 
the controller that provides coordination and control for 
the entire memory system. Fig. 31 shows a flowchart 
depicting the operation of the memory system controller 
We now explain the flowchart in sequence with reference to 
that figure. A write access request is made from the host 
system to the memory system. When performing a data wrxte , 
operation, if the controller for the memory system 
determines that an erasure operation is needed (Fig. 31 a), 
the controller sends erasure and erasure-tracking requests 
to the controller 405 of Fig. 29 (Fig. 31 b) . Upon 
termination of the erasure operation, the controller 
references the erasure level-tracking table of Fig. 29 for 
the extent of deterioration of the memory area on which the 
erasure operation was performed (Fig. 31 b) . If the 
deterioration is advanced, the controller searches for an 
area which is least deteriorated and has not undergone any 
data swapping (Fig. 31 c) . and transfers data to effect 
swapping (Fig. 31 d) . The effective method for mak ng the 
determination that a memory area is least deteriorated and 
its data has not been swapped would be the use of the 
swapping flag that was described in conjunction with 
Embodiment 1. The reason is that because the data 
contained in an area that has received a swapping operation 
is not data that does not deteriorate (i.e., not data that 
undergoes little rewriting) , such data should not be used 
in swapping for deterioration-averaging purposes, and this 
fact is explicitly indicated by raising a swapping flag. 
It should be noted that, although this Embodiment divides 
controls into overall control of the memory system and 
control on the deterioration determination system, with a ■ 
specific controller used for each type of control, the 
controller 405 can double as a controller for the memory 
system. Further, although the erasure time determination 
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timer 402 is configured as a piece of hardware, 
alternatively, erasure time can be measured by the 
controller on a software-controlled basis. These 
modifications should be made if the number of components in 
the memory system is to be reduced. According to this 
Embodiment, the table for deterioration-tracking can be 
changed to the deterioration-tracking table that was used 
in the preceding embodiments, which can significantly 
reduce the size of the memory area to be used. Further, 
because erasure time provides a more direct measure of 
deterioration than an erasure count from the standpoint of 
determining the extent of deterioration of memory, the use 
of a deterioration-tracking table can produce the benefits 
of an accurate deterioration assessment and the averaging 
out of deterioration. 

[0025] 

In the following, we describe another embodiment of erasure 
count tracking using the embodiment that was illustrated 
using Fig. 24. Whereas the erasure count-tracking method 
used in the previous embodiment involves a detailed 
tracking of erasure counts by incrementing the count each 
time an erasure is performed, in the present embodiment, 
lower bits are truncated in order to save the amount of 
memory required in the erasure count-tracking table. In the 
embodiment shown in Fig. 24, in the normal usage condition, 
erasure counts, including the least significant bit, are 
stored in volatile memory, such as SRAM and DRAM, and this 
information is transferred to the flash memory when the 
power is shut off. In the embodiment of Fig. 32, however, 
one or more bits, beginning with the least significant bit, 
are truncated during the transfer process (Fig. 32 a) or it 
is transferred after carrying (Fig. 32 b) . The lower bits 
that are truncated should be limited to an extent that does 
not impair the accuracy of the recognition of deterioration 
based on an erasure count. An optimal value should be 
determined based on the limit on flash memory erasure 
counts, and the maximum value of the erasure count that is 
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rounded off due to the truncation of bits should not exceed 
1% of the guaranteed value of the flash memory erasure 
count. in other words, if a guaranteed erasure count is 
10,000 times, 6 bits (maximum value: 63), which is less 
than 100, should be the limit of truncation. Although this 
embodiment reduces the accuracy of erasure counts, because 
the error is held to less than 1% of the guaranteed value 
for flash memory erasure counts, and given that originally 
the accuracy of the guaranteed value is subject to a one- 
digit error, for the purposes of determining whether or not 
stored data has a strong likelihood of being erased, this 
does not result in an essential problem. This approach can 
yield significant benefits in reducing the size of flash 
memory used for erasure count-tracking purposes. 

[0026] 

in the following, we describe another embodiment that 
reduces the size of the table area. Fig. 33 is a 
configuration diagram of a memory system from which 
physical sector and logical sector tables, explained in the 
preceding embodiments, are omitted. Instead of those 
tables, an address translation table 411 is provided. The 
address translation table 411 does not translate any 
address input for memory areas that have not undergone data 
swapping for deterioration-averaging purposes. When the 
address of a memory area that has undergone data swapping 
is input, the address translation table is used to output 
the address of the destination of the swapping. Therefore, 
this embodiment does not require physical sector or logical 
sector tables. Basically, when a request for access to an 
address is made by the system, this embodiment directly 
associates the physical address in the memory for access, 
and if the deterioration of that area advances and data 
swapping is made for deterioration averaging, the .accessed 
address is subject to address translation. This 
Embodiment, as Embodiment 1, can be applied only to 
situations where file data storage units (sectors) are the 
same as erasure units. The size of the address translation 
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table depends on the size of the area that can be rendered 
translatable. In other words, reducing the size of the 
address translation table reduces the size of the memory 
that can be translated, and allocating a large area permits 
the translation of a large number of area addresses. This 
factor directly relates to the life of the system. Fig. 33 
shows a configuration of a modified version of Embodiment 
1, and it can also be applied to embodiments in which the 
type of deterioration level-tracking table described in 
Fig. 29 is provided instead of the erasure-tracking table 
7. This Embodiment provides the benefits of simplified 
data tracking and a significant reduction in the table 
area . 

[0027] 

In the following, we describe an embodiment in which an 
indicator that indicates that the system is running is 
provided. Fig. 3 4 is an internal configuration diagram 
showing this Embodiment. Based on Fig. 17, the numbers in 
this figure are identical to the previously described 
numbers in Fig. 17. Other numbers in the figure include 
the following: Reference Item 421 denotes an output port 
signal for the processor 3, which indicates that data is 
being transferred from the write buffer 9 to the flash 
memory 1; and 422, an indicator that indicates by means of 
light emission that data transfer is in progress, based on 
the indicator 421. An appropriate indicator that can be 
used is a light-emitting diode (LED) . Fig. 35 is an 
external view of this Embodiment, in which (1) represents a 
card- shaped overall appearance, and (2) shows an example of 
the Embodiment in use. In the figure, Reference Item 423 
denotes an IC card, which is an auxiliary memory unit of 
the present invention; 424, a connector; 425, LED; and 426, 
a host personal computer. In Fig. 34, when the host 
personal computer sends a write access request to the 
auxiliary memory unit 205 through the standard I/O bus 201, 
the processor 3 processes so that write data is stored in 
the write buffer 9. Upon completion of this task, the 
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processor outputs a signal indicating the completion of the 
write process to the standard bus 201. Subsequently, the 
processor 3 transfers and stores the data stored in the 
write buffer 9 to the flash memory 1. During this 
processing, the processor 3 activates the output port 
signal 421, and causes the indicator 422 to emit light. 
Upon completion of the transfer process from the write 
buffer 9 to the flash memory 1, the processor 3 makes the 
output port 421 inactive, and stops the light emission from 
the indicator 42 5. Fig. 35 (1) is an example where the 
Embodiment is applied in an IC card form, wherein the 
indicator 425 is attached to the side opposite the 
connector, and the lighting of the indicator 42 5 can be 
checked under the condition in which the IC card is 
attached to the personal computer. Fig. 3 5 (2) illustrates 
the manner in which the IC card is actually inserted into a 
laptop computer, so that the user can perform operations by 
checking to see whether the indicator 42 5 is lit or off. 
The user needs to check the lighting of the indicator 
basically only when the power supply is shut off. This 
Embodiment permits a relatively simple circuit 
organization, and provides the benefits of ease of viewing 
the indicator and preventing human error on the part of the 



user . 



[0028] 

[Effects of the Invention] 

According to the present invention, in the data management 
method for an auxiliary memory unit using flash memory, 
even when a specific logical sector address is subject to 
frequent rewrite operations, physically the same memory 
area is not used, and as the number of erasures increases, 
data is swapped with data in a low erasure count area so as 
to average out any increase in the erasure count, and this 
provides the benefit of an increased system life. In 
addition, it suffices that the number of data memory 
elements used match the actual storage capacity, and this 
invention does not require redundant memory elements. 
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Further, in addition to data areas, information retention 
areas and data buffer areas are provided in the memory, 
thereby reducing the number of elements in the peripheral 
circuitry and this fact significantly contributes to the 
downsizing of the system as a whole. The information 
device that incorporates this flash file system can be 
configured so that while it originally runs on an HDD as an 
auxiliary memory unit, in actuality it runs on a storage 
unit using flash memory. In this manner, the invention 
permits the use of a flash file system as an auxiliary 
memory unit without the need for modifying the hardware of 
a commonly available information device. Due to the fact 
that there is a limit on the number of times flash memory 
can be rewritten, the life of a memory system significantly 
affects its reliability; however, the invention provides 
functions of recognizing the usage limit being reached and 
notifying the user, which can improve the reliability of 
the memory system. In addition, because flash memory has a 
slow write speed, if the power for the host system is shut 
off but the flash file system still has processing to do, a 
backup battery is used to continue with the processing or 
the power supply unit for the host is appropriately 
controlled in order to prevent data loss. Further, the 
extent of deterioration of the flash memory is determined 
according to erasure time, and where deterioration is 
extensive, data stored in a less deteriorated area can be 
stored to that area, thus retarding the progression of 
deterioration. The invention permits the recognition of 
flash memory deterioration in terms of how long or how 
short is erasure time, which permits an accurate evaluation 
of the extent of deterioration, and if the extent of 
deterioration is stored in terms of levels, information on 
the extent of deterioration can be stored in a relatively 
small memory size, which is beneficial. Further, by 
omitting physical sector and logical sector tables and by 
providing a sector number translation table, the size of 
the table area can be reduced depending upon the type of 
the system used, and this yields the benefit of reducing 
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the required storage area for informational data other than 
file data. In addition, in view of the fact that only a 
prompt alone that appears on the display screen of the host 
personal computer does not clearly indicate the operating 
status of the auxiliary memory unit, in the case of a 
system that does not include power supply control of the 
type described above, the provision of an indicator on the 
auxiliary memory unit can prevent the inadvertent shutting 
off of the power when the auxiliary memory unit is still 
running. 



4. BRIEF DESCRIPTION OF DRAWINGS 

[Fig. 1] A hardware configuration diagram of Embodiment 1 
of the present invention. 

[Fig. 2] A memory configuration diagram of the flash 
memory chip in Embodiment 1 of the present invention. 

[Fig. 3] A main routine flowchart that describes the 
operation of Embodiment 1 of the present invention. 

[Fig. 4] An erasure-tracking routine flowchart that 
describes the erasure-tracking operation of Embodiment 1 of 
the present invention. 

[Fig. 5] A hardware configuration diagram of Embodiment 2 
of the present invention. 

[Fig. 6] A memory configuration diagram of the flash 
memory chip in Embodiment 2 of the present invention. 
[Fig. 7] A main routine flowchart that describes the 
operation of Embodiment 2 of the present invention. 
[Fig. 8] A clean-up routine flowchart that describes the 
sector clean-up operation of Embodiment 2 of the present 
invention 

[Fig. 9] An erasure-tracking routine flowchart that 
describes the erasure-tracking operation of Embodiment 2 of 
the present invention. 

[Fig. 10] A hardware configuration diagram of Embodiment 3 
of the present invention. 
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[Fig. 11] A memory configuration diagram of the flash 
memory chip in Embodiment 3 of the present invention. 
[Fig. 12] An erasure-tracking routine flowchart that 
describes the erasure-tracking operation of Embodiment 3 of 
the present invention. 

[Fig. 13] A hardware configuration diagram of Embodiment 4 
of the present invention. 

[Fig. 14] A configuration diagram of the flash memory chip 
with a table provided for each erasure block. 

[Fig. 15] A configuration diagram of the flash memory chip 
with an information storage area provided, separate from a 
data area. 

[Fig. 16] ; A configuration diagram of the flash memory chip 
with a buffer area provided, separate from a data area. 

[Fig. 17] A hardware configuration diagram of the 
interface part for the flash file system of Embodiment 4 of 
the present invention. 

[Fig. 18] A configuration diagram of the information 
device of Embodiment 4 of the present invention, in which a 
flash file system is used as an auxiliary memory unit. 
[Fig. 19] A configuration diagram of an embodiment of the 
present invention in which a usage limit is reported. 
[Fig. 20] A flowchart of an embodiment of the present 
invention in which a usage limit is reported. 
[Fig. 21] A configuration diagram of an embodiment of the 

present invention in which a backup battery is provided. 
[Fig. 22] A configuration diagram of an embodiment of the 

present invention in which a power supply control signal is 

provided. 

[Fig. 23] An embodiment of data storage in the flash 
memory with an information storage area provided, separate 
from a data area. 

[Fig. 24] A configuration diagram of an embodiment from 
which the EE PROM of Fig. 13 is omitted. 

[Fig. 25] A hardware configuration diagram of Embodiment 5 
of the present invention. 

[Fig. 26] A memory configuration diagram of the flash 
memory chip in Embodiment 5 of the present invention. 
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[Fig- 27] A main routine flowchart that describes the 
operation of Embodiment 5 of the present invention. 
[Fig. 28] A clean-up routine flowchart that describes the 
sector clean-up operation of Embodiment 5 of the present 
invention . 

[Fig. 29] A configuration diagram of an embodiment that 
seeks to prolong the life of the system by managing 
deterioration based on time. 

[Fig 30] An operating flowchart describing the 
deterioration management controller in the embodiment shown 
in Fig. 29 . 

[Fig. 31] An operating flowchart describing the memory 
system controller in the embodiment shown in Fig. 29. 
[Fig 32] An explanatory diagram of an embodiment that 
minimizes the amount of memory required by erasure-tracking 
tables. 

[Fig. 33] A configuration diagram of an embodiment that 
adopts an address translation table that minimizes the 
amount of memory required by sector management tables. 
[Fig 34] A configuration diagram of an embodiment that 
provides an indicator that shows that the auxiliary memory 
unit is running. 

[Fig. 35] An external view of an embodiment that provides 
an indicator that shows that the auxiliary memory unit is 
running . 

[Numerics in Figures] 
1 ... flash memory 
3 ... processor 

5 ... logical sector table 

6 ... physical sector table 

7 ... erasure-tracking table 

8 ... status table 

9 ... write buffer 
13 ... erasure block 

49 ... write sector count table 

51 ... clean-up buffer 

52 ... physical sector 

111 ... single-chip microcomputer 

112 ... RAM core 

113 ... ROM core 
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3rs-iS«*rSfc«e)OS/h#ttTft-6E*««c:tlt 

M^fc»M*Rfc<fc*^»f«*«Cttt-**^E«^ 
it, K*fl:^M^R©MWfiB*iK*fl^S3»^R^ 
E«M*£J: OIHBf«IWfc«-*nTV»«EltWlF* 
A*T«A*E»rt«Ai(lA^R*«*fcCt«4»«fc-r 

[MM2 8] B2W2 7E«<077y^tUftffi 
EbfcE«fe»co*fc^tf^R«::*5V>T> **ev±ji>v> 

^77r>a^^»J Otelft^-* JB«*-T 

£ fc * E««^ - £ ©«*0R ic «fc D MBfT* 2: 

[MM2 9] «*12 7«Ba©77y>'a^ , JS« 

«ft*77y^a.^*U©E»rW©«i*^HT*»IB 

ffl b^Ett&ti. 

[MM3 03 i3lW2 8Bta)77y^a«U€«[ 
ffl LfcE1ft^lft©^^321ft^Rtr*ViT, 77^ 

ll^&Ett-r^ di^#mi:-r^ 77yVa^ U 
^b^Ett^S. 
[MM 3 1] MM 3 0E«O77^>a^'J^f 

fflbfcE«R«0«4bflaB«*Rfc*v»T, lantsffi 
[MM3 2] K«|2 7E«077r>i^ , J^ 

«b&e«»«©*«*E*^Rfc*va-c, Eisrs* 
^s^, 7^y>a^ i ey©Ei»rt#o«*icirrs» 

bT#u *©#^^faftt5 77 ^ 
y sffi^ b^EftsiSe 

[MM 3 3] 777->a^^'J (^^^-^ «r-S^ 



5 

KSi-r* z. £*ft&thit&i*to®x&XTmzffiz.z 
^^^m&hfx^^miA^tom^zn^'r^m 

\z £ D y ±)V<D&{£Z&m?Z&<t&m^&£. K 

wtmz $> <o xmz&z&m z.r>\z< ^tzm.^mm^ 

VtZfafeto&A&ttm&ffi&Zy7yisa**V&& 
<B£«#f? ^^*lft#%ffi1S^at, -tort*;: J; D 7 

*^»tu nm®&&mm\z&\,*x\*ftx b&zvy* 

—9<0&WLK>&y?vi'***V&ft<D%m*^)\z1$ 

hmmmmzmtjTzztzftmtvfryvyzsx.** 

[»^3 7] §1^3 6Effc<Z>:7^S'3.;*^y 

£ fc s tiip is«5§a> e vmz&fry 1 -* ty^y^a** 

^srK^x bmmmm\zmjjLfiivrc&y7yzsz>L* 
* y j^nogijco^^e y ^ s 7 ^ ? ^ y 

£ fr 3 £ «h * <h L & 7 v v ~s zl * ^ y £ feB U 



(4) ®BB¥6-1 24 5 96 

y <gif<z> ;* ^U^S^^y^^iJ ^©r- 

fmm&n-oT^zm* mwtpx$>zz£&mm#\zto 
%^zftyt?m&mmmz<Dmftmzmiftz£&ftm 
£?zy7y^zL**v*&mi>ftitimm&. 

io m^m\z^x^x^zit^»tvfty^y^ 

Cit^4o] y?yi<>x.* : ev<Dtd»mmz&**&tt 
hfz®m±:p*&mtt>nx&t). ©«:r-*<z>e#& 
^<oitit\ziRmmfsimn^nvft^m^^^m^ & 

MtMt P ? ^<DW$7Lfr\Z& \,*Xffim± # £ £IB 

*\zM*Ltz\,*£5 ZfttiLZtt £ £ £#tR 

20 tLfe77yy^^^J ^©Wm 

T^^-z^utt^y^visoLttv £. smmm 
&<om*®&<D%m*&mTzm&'gm^&£. &*ia - 

a? [000 1] 
[000 2] 

x\z&g&t*y £wx&mmmz&m 

42? tet>%&zyT^)vo&&&&\z&\,*xi*m*mzm- 
&w\zm%&fr&frt>fts mz&frT-f&mjLztt 

&i*&&mz&mz\t&$&zttiTt>?. mvmmzm 



(5) 



6-1 24 596 



«fc*£«*.*<?mfc*#38«* * "J (HTEEPRO 

i**&n*. **i*swr©-"3»** 

i;UT»BH¥3-2 5 79 8*tS&*. CtlBEEPRO 
M£fl3V>fcBB*£K"C*& • EEPROM©fcjR"C*« 
#^^«*@»©WIBSr«a^> EEPROMSfflV 1 

S«itiaft&E»lxT«IIU EEPROMfflSfft* 
[0 0 0 3] 

tews****. i(§»c7T'f;Koss^.* t *^'' 1 «*«s 
©E*»fit-r<E»a^«> siis©E*gga<*n»si!* 

aiaia^Bt; bTfit>-HR«^«^'f **««©*& 
^fcSrbVix-^&ssatr. u*unn*EEPRO 

*. c ne#ii*«*@Sc KIWIS©* SEEPROMC 

*5nrtt**s*KS<-r*ctc^. s&eep 

ROM«rigfflL,fc<(*BB^3-2 5 7 9 8IC*^Te, ;* 

C ft©©** U C« 0 fcW3#it*»9Il''CV>* 
At, £©A : £^;miR©E«£S©tt«-t©** , J*g 

HAS. 
[0 004] 

[|»gfc*tfe-f*fc»©#Rl EEPROM©-«T* 



A*»WC»*. *UTWS¥4W t -K©E E P ROM 

i:itt&U'C*Sfcfc©T?»*fc®» -fejM(BI*«Wtfl:a 
*,«!©;** U »T.fc 9 t>*«F«©*8&E«Sf«fcSbT 

S©iaft*<ffirt4>fc< &*J*8nr7*-*0>Efefc«*a 
■r * £ t*» Bitetft*. *■©*& t ut?-* ©#*a 

*s < m$i<m&?-* * * -b£«*©iMW«fcv>*» 
& v ^ t of— 9 ©saftsff 5 . 

[000 5] 

[flsffi] ±E*Kfc£ntf#7^*2£«©*'5fc:7 i - 

*©#gA*te£*fcm:E««tt«:^.5:LTi,K ci 

#gA4^-**>#«KIK&n*:*>©£:tt-3T, 

Dyi'*«'l*3e©^ny^c*«pUTt). «*ia*©#v> 
y d v £m*®*<D*w7 u y 9 ©?-* 

ewe* - **, o fit 

[0 0 0 6] 

JHMM1. 02, 0 3R)tfH4lcJ;OI!i«-r*. 0 

i «ss i ©^»«s^-r*fc*©^- psxtsust 
©rtfiiWDa^ufcH^*^' H3B»«7^-^«a© 

[0 0 0 7] atDlC02ICJ:D77S/->3.^ ; £U©8M^ 

t-P^T32E^S. Wl llMt'Jf »^*»« 12,4 
1 3«x-^«*©S'J^"C« 
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?-#hmmzm&vte\fti&te$te\,\ forworn 
1 1 &-~z>&>±<Dmikzru yt?i3 \z&m 

StiTfctU m&&*W&l 2*tiy-H w^ui:fe 
S*^d^ i 3fc^n<fcD*^««,hfcSo y?y 

*a.**y &m®&w&&tvxm>zmz^ msvr 

* xp&®<ottm\z<ett>it* s i zn* v t 

[0 0 0 8] &\ZZ<D**:V&m^ftft1&mW<Dmi0> 

^m^xmm^r^ ^^rommxityy^)^-^ 
**t>nm2;7uyi7h-$crz > *><oi 1 irz m i 

\ty y <i ;i^-^OfBtt £T£ y y v ^ j*^E U ~f 
7^tX3>hn-7, 3 tef2tt^~*^X:r-^X:r 

u xy y v ->=l > * y \z j; e^gciBii^^ 
A$i*t^v^ ^D^Diiy^ 4»yniry^3$ 

£0 <D^-^ftt7?y3'a.ji%y l±ot*ci:T-ye> 
6tt:7?<yi'a*«y U0«HW^7Kl/7T?^n 

zmmte>7?\z^y}±>>fznityy4 )v?-?<D&m 

ft&\zgt&&?-**--V%mz&&TZ>y'1 hrtyy 
05 i -*<BU-F7*irX®#at&££. 

* £ 7 * izX U TS&R* tlfc^- * £*X h ->X t- A 
Slffl-T*. jfrx h^XxArt^co^— ^cDg^&^g:fc 

0 3 C07D~^- Mi:/n£f ^AjU&y 4 IdlMASn 
^S^^X^-^Xf 1 — ^;V8IC«fcl9flJSiJ-r^ (a) . i 



(6) #l§¥6-1 2459 6 

20 

&&^X\,>Xm%&*^&X&ftte&<D±t7?\Ztf'( 

>**&r (b) . *Lx*%&&*imx&ti\**<D± 

^^^5r-^CD»#2,^£ff5 (c) . JElsXBtlZ— 
mm ^oL/ufd Zt<D * *S&3Hi * * CD#€r^^LT & * « 

MHz* :7;KkD*^fc:fcofc 
^f-^60^^it5 (d) . -fe^^O^^t 

\z-o\,*x\m&fz. *\sXt6im*L>;*T-7)vs\zm 
-7fr6\z\mz&fr#4>?ottmffiizm%&Aji* 

Sfe3liri7^#^£S^^ (e) . JW3 (b) \z#»x 

***** w*l jc-rn^su^^jcfe*. 

^«31^-^>JCO^T04£ffiV>TUi51-r*. S^! ~ 

*m&Ltt®mii*i?\zM^zM3;'gm^-7 ' 

;K^^H»*^>^£l-f>^U^>hb (a) . m 

^mmfeEimzmLx^tsiiftitt*^ »v-^>\z 

d (b) . T-2<DXWttft51tMz\%&*ri&<b±± 

(c) o &Lmxfrm&®&&&*(Di>:??\z&m2ft 
x^z? 1 -**, 9mm&*fr~Dit±>? 9\zm%}Lts 

(d) o #^^£fro^:6M^^^OX^-^X5r— 
^;i/6DA#^7 7^€:ItT* (e) . :©X#A7^^ 

m3k&mi£\Z& ZZ>£5\ZfcZ>(DlZ. *h&irc?^WLifi 

u\,*Lmztm£®m*&u^±?*\zmtttixvi£5z. 
ttimzzn* z<D&\ZT-?$:Atimttm3k\B\&<D 
&^±??\*. zitm2k&mm\zmz*&5\zts:-Dxir 

^^teSHr^^^-^ort^^Sfr*^* (f) . 

<D±*7*<Dy7?&fo1tt>>?VT'ZtlZ>i}\ **^« 
/tt^J^UTViJtt)<D£0(C^^fc^A#^fT*3nfc 
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(7) 

11 

£"C, «*tfl 0 0 0 0©CD«fE[3»Tifentf, 1 o 0 
0 ls!<Df&#lBHf>, 2 0 0 0 lei. 5000 lelCDfffi&lsI^tf 

tss©»«f-^ \z t# a. & n*. 

«T«^-^o«ife^«^<fi^^^^ 7^'J*— > 
a >?u95 J*<&*r—9 tJi^vV 4 yZf—f^T 

a. ?B*im»^*^i-*t*^^<fi^^^ ;:::tt;: ^ 

[0 0 0 9] &_k#SS 1 ©Sat«©»ff©K9iT*«. 
*SW«lcJ:titf^n-fey^*iS«bfcca:R:J:D^n 
^ 9 A ;* * u <a fcffio &ia^fc»J«WT t*<t5l: 

[ooio] ^tm2co^ifiwco^T0 5, H6, m 

7, |2 8RtflS9&m>Tg&9rr5. 0 5teSfl2<!>|£$fc 30 
7 9 y v-a. J* * U l*!G>SB1tflldc£^ LfcBJTfc 

£ #&*-te ^ * irr £ ft «>ffiS^P — ^ ><Dyn— 

[0 0 11] ^06lC<fcD*^IJfiWIC^^^77y>' 
^L^qErUO^^yt^COffiffl^^-r^- 5 2 

frm®rcm&7u V 2 tW. #52 IC«k D 

«j£$ns. T^t>^»io*ig^^«s^Dig*^D 

y^53 t*fe^^5 2©C1ft^SKS^:^t>OfrS, 
5 4«^^eU^y^±#T*0, 0T«tE»o^*yn 

mzm^nxv^^^^)^v^\zmmr^ so 



4#M¥6-1 24 5 9 6 

12 

0 5«**liMO/N-h*«>X7«lB£T, (3 
^^UT-t3-^i^^U^y7 f 5 4T&^. 4 2IJ7 

9, 4 3ttse*5 i ^^T— ^x^-^**frrs^ 

n-feylK 4 4tt7 r D-fey^3Slr^Tfeftoe!»^n 

y^ j eu4 lowa-t^s i*te«bri^»s 

^^^#^^r^^«><D%3®-lr^^T*--^;k 4 6 

s &a k wan** ^#^td«s nr v^ifesii: * * t- 

SSl/t7 7 7tibS. 

[0012] *fcSfrfe£tB9I?-*. U-F7*irx«r« 

ai i onm&mm* ikm*.**^-*?** 5 

#-r (b) . zt>nT\,*t*wn\* : t<D7uy9<Dm%iL 

*t^^ftf^4 9§#It5 (c) . -^bTHlC 

(d) > mtt*m*&tt99&T-7$'**'(>9 
U (e) . «t?T> «AaM6te*ttvt—o 

itrcos^**^ 1 y d ^ ^ o|g 3 ws-fc^ 
a,*:«£\ #©§€&*tea§ 1 ^ <o^4<fea-fe^ 

^«7^-feXr3>hD-^2lri;DfT5. ^isiT*^ 

ofe^SS^-^^tC^ (f) . ^-bT*#^a« 

^/^•fe^^##& J E■n■ene»•r^ <g> • *v&mz 

qmwtT— 7MzmzjL/ur£&m±>7?m*%zm& 

&7*Tiz&<DW}ttx&z. fcfc (f) o»f^«^3i^ra 
fi«gofcee> jckw e»nr^ d 7 7 ^ =e u coffin 
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13 

\tm c 7 r -f JKB^- * <&#^#* » 

toizm&i$mte±9??tiit>i*fo<D®m±??iz$ift\z 
i tai&u <b) , siai-^^py * 0*2**7 5 

(c) . *SS£ffo&SH9©SgSim>l-- ^>icflt£ 
&Z.n\Z-0\,*TK&-C&W-rZ> <d) . -£bTffll/ty 

s-a-* (e) • &mi>rzt&<D±9*<D&m\t. jt*<r> 
mm\z&mzi*ti\-£§§im j £>7*T-7fr4 5*>®m±? 

£ (f) . ^fC^^S^-^^IC^^T^'T'Se 0 

MLft*\ ^xy^L (a) v fcUBLTWfcftft« 
£©;i— ^>£fl&tfl, »LTt>fc& (b) i?Dy^ 

t" (c) , ■Ea*frt3&^Dy^i:«afefB|«;^»/h©^ 

(d) . AS*fctt0 5©l«5 5 --*n 
y7r5 1«M3"T*. ^LTA#*£fr^fc:/n^ 
<D\WX7 7tf&*LTZ (e> . tfS'**^ 

***^-7jme»**a.« (f) . BLbmmmmtz 
mc<D)i-7>\z&r), m*>tiit7n«/?\zm£;&mm 

[0 0 13] K±^«2 0!)Safi«O»fHli§lT*S. * i 
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14 

[0 0 1 43 &Kgl3©*i609£®l 0, 01 lfttfB 

maw i vnmm t m&v® 2 0 w*:/n v >? t± >?* 

1 llC^LfcfetDTNfct)0*l 0 lfi^Dy^9 1 

*»"r*3»J|S*»fc^D y ^ 9 1 rtCD^EI»©^ff^ 
g2irr*;i£fc:fc<5. IMdWl. H5£fsO«l© , fe<DT& 

>^-^>©»fptt« i <Dmm<Dm.mz®.5 1 i>x. 
20 ^^>)>-^>^m^^wv—^>\zm/ux^io<om 

>&v*>b (a) • m&iBimmizmzMvrzfr&m - 

HL (b) • ^LTU^^tjyp^^o^lHiSt&PI^' 

WOy^*i0Ub (c) , 20©^D?/^(Df^ 
*A#^S (d) • ^l/TASA77^4TS<h^:'b 

fc (e) , (f) . *m 

[0 0 15] t^^TunStrai, ^^6S0!IT«J^ 
)V1& £<0r-7MZ~D\,*XtilW&mZZ>. yyyfzi.* 

w $fc—j3<DT-*&&iT2nx^n\*&\,*£t\ztez>. 
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^figfc^a^ft^U (EE PROM) iClBttU 

-jMZft >->xfA^^^ y -kics&rr * £ £ rj 
t l t»h c * ^ u bx^ 1 * 7fk £f d 

«>, HCEEPROM^^ffilTEEPROMli 

ji$nWSRAMa7l:W5. z:ne>£££«>fc 
fM^MNBWftBSBI 1 3 fc^bfc. El*. Ill 
URAM, ROM^rtjKUfcy>^y^-f3>, 1 1 
2(i7>f7^ / f3>rt©RAM37, 113li7> 
fyy^a>rtC0ROM37> 114IJEEPROM 
Fy7, 115ttSRAM*fc»DRAM, £(Tiai© ^ 

e(TJEi:l^«IOt)OTa5^ RAM37 1 1 2 t£ 
ttffiffl-fe^^»^-^&»»U, ROM371 13\Z 
\Z*?-i3><DfflW7V# < 7& : &te&^ EEPROMl 

ttu rami i BtMiair^^T— ^**»r 

SfcRAMl 1 5(DS#^Ttt09^Lfc«S 
CtllCfttU 024»EEPROM 

*y nc#H«T*;i£fc*D^T*. 1 1 6« 

OftttfcU S^(Dgffi^lr^^Ttt»^feODRA 
M^SRAMl 1 5\Z#MT2>'b<0±?Z. ^£0*3B 50 



<&0B¥6- 1 24 59 6 



26 



W<DisXTl*<D*m&fttiT*&^ RAMI 1 5(01*3 
g©3fttfW&5 s --i r &79?3'a.**y 1 ICfoSlUT 

1#6RAM1 1 5fcx-^«n-HL/T^&jS 

CO 0 1 6] J fc S & i:7 7 f t 'J Sftoi^l: 
$3tt*H$60g&iai 4, 015, HI 62fctfH2 3ICt* 
HI 4 «7 7 y v'a^^Uf y ^fciS^D y 

fcHrfcfccD-c&^K cnic#^a ^ * r £<Dfe*fe* * 

^r-^V^>^*[pIjR&#€riitJ2: fcfc* DEEP ROM 
S^HTCi?*, 0*, 13 1lii^ny^ 13 2S 
|^o^ 1 3 1 fcftUPS tlZr- ?)vm ©?2tft 

«#t<&*. as^p^ 1 3 1 ic*rjM-*^-^Jn 

3 2 ir^iW^n^-^tt^^cas/^ 1 3 1 thR-© 

7Fi/XT7^tx?iffitu fg^fc.fcsxtK*^- 

H <Dm&\Z kQyy^ L7—-7)V<Dt— 
a#4tfi-H&U t 2 — *^#1 3 l^^flJ^^*-> 

(a) iCTKLfc- 0** 18 3»B*»ttl^^ 
#£^U 1 3 4\%yuy#fa<oy r 4 
1 3 5\tt<D7Uy?<D&W&ttmffrZim-C&V 

^-*x^-:/;n 3 6 (Dpg^te, ^imiRWa-r-^ 

tfy h^yo^fW«ii:ffl^5!:tt>tfS. PI2 
3 (b) \*i<$\zx7~niEm®&&ftitrzT-7)i<m 

1 3 2 CD— MT?& 13 7 l*X^— «TiE<@^S^ 
)HS^Dy^5 1 2BOifltO^^Ufy^l: 
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17 

W*<D»1&l7>^97&—7MM 13 6 0>&D fcf y 

01 s s^TSfcgrr*. 01 BttT 5 — fofctemmt 

\WllZ 1 A*-f h^> 1 H^Ojffl^V^ffiT##^^ 
^tt^EEPROM^ :/<Z>i2t*^«l 3 8£#fc 

1 SHU ^-:/;HWft<D*j££, ^t-5r-^««fiD 

[0 0 17] &&B1 6\£m<0mi&<D75y5s3.**:V 
^y-J-V&Z. 5*~-^©Ett«*l 4 1 ttegij^ -x- 

^^~^«,ic^-rsny7r®«i 4 2*«u^ 

T-b<fcV>. 1 4 3fc*Py*A*IC<fcO**>hTy:/ 
h^— ^^y7 7i«l 4 2K:#£&#. % 7H^$ 

-Si:;ty7 7««u2 fcte^T^n^ u— Fr* 

-fe^^^Ua:bT5l)ttrFPACDA*^^^<, |A| 
«t:7H^^>^14 3*ii(, ^Py^^A^T 

^^l^ttirbTWj^-rscD^^^^^r), 1* 
<£T&ofc«^ lir^*©5*~*£»^^5AV:7 7 



(10) »8B¥6-1 24596 

t c q a* wr &mm-rti\iStmf<DW&* y7r%% 

[0 0 1 83 *l: cn*T©««T«Wl/T*fc79 

m?zmrnm\zz>\,*TmiT&. Bi7»7^^ 

fl, 04» 2 0 1 H^X I /O/UT* D » «*P 

10 flg&nxtLtttlSA, EISA, V-f^D^y* 

;k scsi ft24>/c*]TOttf &n«. 202 ttm/t 
73>hn-7n^ c na*«»$ na >X ^ A 

M?4 7*9 F5-f ^2 0 3v A— Ft^X^ F^-Y:/2 

-a? 0 4**t-«»T»s^ *fticaD*. 7 9 y 5^ 7 r-r 
*M&i2t&ge**2fcx h->x^Ajc«^sn-5^«^ 

yjL7 7-f^/XfA2 0 5{C^-r >^7x— X[HlgS2 
0 6##fln$nT35?)> 2 0 7IM>^7x-XI/^ 
2 0 8tt-f>^^o:-XIx^X^CD*CDUvX 
^CD—^TibSnT> F 2 0 9li>f >^7i 

-X i^X*#<Dy KWt3- FETIS, 2 10(^7 

Ste^T^T^fe^r-f^-^offliw, ostein*., 
2^X h^6©7^irX®*^tf J ^tbfc3'7>H^<Djitt 
KO^Py^AWMftSnTli*. *Xh«*XKr*X 

2 0 1 £«LT«»iattgmz3T>K£mT. en** 

*f XEW2 0 6ft©^^7i- Xl^X* 

#2 0 7 <D — OT25^3T>Hl'> ? X^ 2 0 8 Id3 >T> 

x-XU^i2 0 7lt A-Hf^X^H^^t 

*&l/^^©(tlfeHSU *Xha>£fc£A-F 

5V x ^ « r ^ txn © s^t? & a*>j; 5 lt 

^r©^^X^S^P^tfx^X^F^<^ 
-X \Z&t>ltZ C t i#^tS. 

\Zfr&Z>&, &f&\Z\±l-&<Dyyyz/3L'7y'1)\,i,XT 
W So £TPV>FVS>X*2 0 8tt^XhtC^D3T> 
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^X^gglcte^*<0fc<0"i?&*^ 

[0 0 19] mi 8tt77^>a7r^f^f^S:« 

m^&Z. 0** 2 2 1 tt*ff««^OCPU, 2 2 2 

rt® JC«*UfcgJPI/0/^X, 2 2 4 \mmi/QKX 2 2 
3 K 2 2 5 \Z3Z*fJ*W&k* 

K 2 2 6tti^U> 2 2 7«g#ftJ^n^A# 
K^ntBIOS ROM, 2 2 8tt^- tf-F3> 

tt*. 2 2 9 \$m^T#79^^<bMZ\tm*>fr<D& 
^eat&lft£nT^&*>0£TS. 2 3 OtittBI;*^ 

ij, 23 ni^u>^^af*^-r<5^^v;^-M/ 

F, 2 3 2IJ7^^RS 2 3 2 Cfc^O^U TJV'tf— 
M/F* 2 3 Z\*yUy\l*r4 7sW7<<?> 2 3 4IJ 
gtf|U/0/tX2 2 3«fcD&^<BHDDI/Fl££ftT£Ay 

^077«>'>a77<^^TA2 3 5 <£>ft 

$50, 2 3 ett^T-f^T^irX&S^^tT^— 5^<0 
^U£frfc51/F3.-y hTfctK ®17ti5^-r 
7i-^ V-^X*# 2 0 7 RtfT H 1/Xf3- K 2 
0 9 fc&fc*. 2 3 7S77y^77^f;^XfA2 
3 5 ftm<Dy : -? i gm j $ i fflW&frfe 5 3 > h D~;P3-n 
!yhT*>?K 01 7^Vt^ya-fey^3RlKP r ny^ 
i*;**U4, 7^tX3>hn-72, ^-fh/ty^T 
9<fct)fc:*. 2 3 8«77^^T-^^ttt5777 
->cl;**:U7W* 2 3 9»5 f -^2&^^UWH^ 

t), HI 7iC43tt*5 L -yJI'5, 6, 7, 8££T&t? 

fcoTfc*. wzmttztm-rz* mmtmxznxwi 

f££R!i&-f CPU2 2 1«B I OS ROM2 

2 7 £S*&I/0/\*X2 2 3£3ILT7£i:XU 

wmmfezwzSo *hxti#)&i&&wfr*>i'XT 

A^ny^A^i^t'J 2 2 6 ICD— #H*£0»J 



3 5£&fflbTl^ fctfl/CPU2 2 1**6*1/0/1 
X2 2 3&ilTHUD3>hP-72 3 4tHDD$ 

7>fjV*>XfA2 3 5ttrtfiBOl/F3.ny h2 3 6^4: 
oTHDD^SaC51/P«ffi^#-KUrV^. 

AX 2 2 3±G>KBDC2 2 8^«^7^2 2 9 
iMBlCJ&CT/^ WH/F 2 3 1, > »J TM/F 2 3 2 IC 
U 2 2 eTf^SaiiSfi^Ef**^^ &3SRAM 

2 3 o\z*K>±fcte*m. aHW7r<M«*t 
SL&^Jfi^te Ba-*ttH D D a**t8&!a«8«T * a 
fc<Di:bTMI&2B1S*e^7^-kX*S*U 77^ 
5/a77-f;V->XfA2 3 5tt-5-n^tT77<^ 
-*(D7^'teX£fTfc5. #ISM0tffc«fcntf«*«fcA 

^ »%Hft»«K»»BB«ft«"C**HDD«WlbTV»* 
#>0>£5IC. 77 7 7 7-< ^">^tA$S1 IT^ 

XT&t&mVT'bB I OS ROM^fA^P« ( 

— V:WP3>I£*— ***fcUT*B* ^WJ'MMI 
;*qeU#S*I/OAX±KfcofctK 3^3*^71^ 

*> # a. 6 n iin e ( w n i> x t> <*> m m w*i&x * 

[0 0 2 0] fclc^yS/a.^UO^JM^KSMT 
S^ffiCTfcOViT01 9&fflViT^T^o 7^y>3. 

5, ^UT^t&£ 5 777*>i77^ 

4<? i.x7-A^o^^^fct¥0»f$n^ihfr^tt. 

^77^^77^^^©^$^^ 
*«. 777'>a^^J^™^^ttT 
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sararcatK' m^2 4^n.7 i 7v^^L7r^)\,u^ 

f&U-S?X*Tifc*o ^h»HDDAV7r2 3 4£I 
LTffl£#S# 2 4 0 t77y^a7T-f ;L-> 

7fAW0l/y7^2 4 1 £7^XbTttiB£«!g 

(1) tt77^>a7r>f;^>XTArtT©5 1 xy^;V 
-f>(D7D^t-K (2) imh^XTATO 

nzmtommmm^zitz z.v»v-t>\zi?* >yu 

< (a) • *LT&*IBIMtfc:5£Lfcig£ (b) \Z\t. 

^JS»lc^b^J:a:^-rfll^#^tf (c) o «et 
T^^h^OSU^^m^&ai^LT (d) , *)V—*> 

£*nr-r*. (a) (o&aomnmty^v*/*.* 

=£ U ft afe * V> «^CDpt q£ U fc#J$ LT*5 < $. 
£fc (b) <D&*)ma<DmftmZi'7>y L J±\ZfoVTj&g: 
K^feOtt^ ST (d) 

*»rL (2) 07D^t-hT^lfc;Kf>fcA 
0, $f77^ ^^r^^X^AftCDX^-- H61^ 

(e) , CtUP7 5 v 7r-f;k>XTA<offfl^ 
te«Lfcfc»0«fl*jfc»*T*ofc6 (f) , *n\>x 

(g) , a.— !ffc»ft-r <5 (h) . !So*tttUT 

* - t x » e«ih uu — h r * *;* «irerr % £ 

a l Z T 5 i 7 r -f iHr- * © /t y £ T y £ ft 5 J; 5 
3^««R» fcSLfc 5f Oca.— if r 
LT® 1 8 fc*tt*«MMM 2 4 0 ttRttffc, *X 

b^ArJ±&y?±x<Dmz^7--m&i'z?7>?$:Ufr 
m-rzttvx* 020 <2) wp— ^>ts6tTr*. 

«*t^<2ATJC, HDD£^<D£$B#&>LT. « 
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ifir^e **is«fcj:ntt*x k^x-ta^b i osy 
n^^A^^x^Ayn^AJc^:<^M*iii^-5^S 

[0021] x\zmmmffl%<D®m\zttf$?z>9mvi*: 
MHjffiffit^er^t), ^xh^x^rAj;o«ag^j^$ 
#PW»T**fc*, ^hj&W(fl:t)77r>i7 

10 r^f^X^A^ftf^bTV^Ji^fe^*. U^b*X 

h s&s ^-VtiPtn&ttikLTKizK £*x hcDsasc 

**LTL*k i^©777va7T'f^>XTA 

f»JTAy^7 * ^«2I$^*r**^(7}^X^ACOig 
TfcO, 0*, 2 5 lH^Xhi^S/X— y^3>bf 
a-^VOMHM, 2 5 2tt77^>a7r-f;^ 
39 rA» 2 5 Zf3J1y97y'7RQ)rty7'V* 2 5 4tt* 

x h 2 5 1 (Dmm&mmztiftt&iz* /ty^y 253 

<Z>^7J***X h 2 5 1 tc^L^Vifca&o^iS^riPiK 
T&£u 2 5 5 te*X h 2 5 1 ^ 6> ©ffiE^teamfctl . * 
fcil <b£&fflT**fcffilHj&. 2 5 6 tt-tOfflTJ 
fflB#, 2 5 7|iAyTU 2 5 3<0777S/a7H;i' 
'>^fA2 5 2 '\G>«;*J#«&£^»rf 2 5 

8}5777^>a7r^^>XTA2 5 2 jWBl31&(f>T& 

mWi®»2 5 7 *»^SU^iffi»fM#T*So *X h 2 

^ 5i nrv^mii. *x h 2 5 i con 

M\Z£Q7 7y^^7Tl )Vl'7,'r2±&mm^nZ>o z 
tlWXyTV 2 5 3^m7j«JEi:jf>Xh2 5 l (Omt^L 

m&s&Km&rzzi&z&Q/usTV 2 5 aichu^ 

;k3«S«*irr2:i*«T^S. &«Uny5 t U2 5 3#2 
% AnMVte\,*m&lzteffiM)$]t<D?'l P3Q:£«4np 
T^^S^ft^. *LT*X h 2 5 1 C0*M*t»$nT 

77y^7r>f^>XfA2 5 2 AteaAmMqf jfc 

$n^<h, /ly^U 2 5 3*ie«jR^««StlT7^!y 

40 3KWf«W0J»2 5 53^«agXW*ttBT*t, 

2 5 efcJcO^^ty^i^T^^vXT-A^rn^^ia 

5. ««»l|ff«i3ST»i»afcaEIPffi^2 5 8fcJ;D/1^ 
^U*iraB2 5 7fc!KK3ttT. 77^^77^ 
^X^ACDRfp^T-TSo ^*53»«Eifi»rlHlK2 5 4« 

mmz£tllttXh2 5 lU77S/^77<^>Xf 
X®*IC«t^T r -^O^0i:D^t«i:^D, ^Xh^ft 
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[0 0 2 2] 0 2 2«*X hOQ.WMmzttfo'tZ&KO 

*m\z&zmi&&miz>J5j£v$>z. ia*, 2 5 8^ 

X h 2 5 l3i^77y'>a7r > f^'>XrA2 5 2 fcW 

^^i-«ast:^-^T*« c h 2 5 1 <DWflm& 

ttmaSX-f ^/^OFFlCft:oTt)^iISlf^-~«^2 5 iff 

•■SWIFTS nv97v7tmfc£iM& 

[0 0 2 3] *JC*9!^^5cDllfi£^IS:^So Bf2 

H2 6«*^CD77^^3.>^e I Jrt<D8Bti#I^^U 
fcBT&D, H2 7«^-^##32k^O^:«)07D— ^ 
££±0 2 6«fcr)&9rT*. H** 3 1 
11* 5 1 2 AW h (4*nl?y h) &m<££"T£IBttfcM 
**»#atri2**T**fc*#«* 

T*. ±T<D<bm~£?*3 i i;feJ:t»s-fe^K:tt* 

i** q& u \ z & o mx\tm^a y 1 6 

*b/*f hTfttltf 3 2ifeIt^^*ti^Dy^i:ft 
*. 3 13tt^Ufy7*T*D, «S*fi[16*DA 
-f bTM ^tftiy HOfy ^T*tl«3 2 7*Dy^ 1 0 

y^fct*^*ufc*vim 4Ms***i±-c»*&a£ 

#16*n/Wh ofeo&ttJrT 

zz-tt-rz, 02 ett^^fc-t-oJdjftco^^eu&H^ 
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6«)A-H9X7««T, 0*3 0 ll*S€?a*x-* 

***U 3 0 l£7*-fcXT*7£-fex:3>ht3--^ 
3 0 3«Ettf-^^XT-^Xf- ^SSM^TS^n 
•fey*, 3 0 4ttE«LT&*^31^*#^©x-* 
^^yVa^^t'J 3 0 KOifdCDftS-t^^^BBlSS 
nT^Zfr&&m^*fr&\z®m±9*&^&&»t<n 

3 0 l<DtoW~k2*$ 1 ljW«UTV>*W»fe**# 

uypoxr-* v**-?**** * 

tettw-t^wsastvcv***^ fc£#iB«£n*. 

3 0 7 H7 ^-r/^^U l*<#a*i*ft>Wfc*£l'*~ 

h;V;77t»*. 3 0 8tt«M©fi3l;l— 5 c >lt^5Vi 
TSSf -^S-WWlr W^ia?-^ Ay 7 7T 
@3 2 7 1*0 2 5 (0«^tC*5V>T##a**ff 5fe 

J6<D02 5CDypiry*3 o 3<0Wtft&wm'Z>7u— 
hT&S. p;TJ:o7n^t-h«oTft^ 
B^TLtey*— *«BttT*W*i-fe**- 
5 1 2/t-f HMfcfc«fcDfT3. Tfc*>1>5 1 2m He / 

ttjt&v^— 5 i 2/w h®BMWtiz4MA£ti 

*#*a»©»iw©-fe* ^£0— ottr©#€r 

■fe**fc«€raA/«*^ *©f^^i^ay^ 

0®4«3S-fe^^J-#^a**ff ^^©tt-So 

hrtO(a)T*So (b) «S€a*tera«fcV>»&** 

T^'Mttatr. S»©9-f h7^-feX«9«ttr^ir 
xa>hn-53 0 2tJ:0ff3. 

/ui£±& *&n**n*n&nc?*. *fca«r^##a 
^vi«*anr^^os«*a»-e»n«, •a*^^ 
5^:/^fc«tt»*a^*»*fe * ^s^^?s*rs, 

d nB*©*** ^ ^ ©5 s — ^ B*»T* £ £ 

fcj&o»^T?**. <c) ©ssjp-^^tttSfra* 
#>r >^©»b^r^ny^«trTic±*^^»ea* 
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2>. (d) \*7ny?tfiZt>tlX\r*1t*)* 
&Mft t 5 - ^ tiT V> § l&JSii # *##Ti&Jg-tr 

gft^-^s^ttrn mzmmji-^izrmxmi 

X 3 tfr A,*:^- * £ ft a an* * y ± 

(a) gai-f^ny^ftcQ:^— :?£— S0 
2 5 <D&JS5*— ^/t y 7r3 0 8 (b) 5§ 

x u is* *im \z ft -3 & t £ 5 © zf o v ^ £ m& t 
&*T-7)i>&&m\sX, 

mT*. (d) i&fift5r— *x&n&nzS*r<D7tiytr 

*<»m&w-^\zM+it?izmmzfft>ti&tt&> m& 

[0 0 2 4] XlCttagttft&flHH-r*. W2 9«77 
y * * U ©^ft^^t^tfi© 1 MjSMTft 0 . 
0*4Ol»77^>a^iJt^ 402ttiB*(W» 

94 4 0 3U77y>a^tUt;M 0 1 

HK% 4 0 4 Ii77!^>i^t UtiM 0 1 

WrS3>hD— 7, 4 0 6Ji^t;g3l3>hD— ^4 

o 5*m£MmaK4 o 3 tmjk&mt&ts^zmzmik 
mmfe** v4 o 2^^fcigft-r^fc^coe»« 

^ 4 0 7(*ffi£1NWgIB4 0 3^tH*ffl3iOD*TS?g 
*«rW«Iffi^-f V4 0 2 fcft6l***T«^ 4 0 811 
»^B«ft*^V«««*Ufc«e5 ff --*T*a. 03 
9<Dn>hn— 74 0 5(DSff^^t57D 
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CD^D-^V- HC^Tfr5. ftfcLMs*H2 9. SI 

**^u-t;M o i fc«*oftff3wewteftofct€r.- 

n>hn-7 4 0 5^IBS®**Stf« (030a), 

t n > h p-7 405 »ffi^«r«@K4 o 3 \zm& 

«Wi:?B*»fP(0{M6&m^r* (03 Ob) . 
«ttfc**«!f»®»4 0 3tt«S«^*'JtJV4 0 1 
<D*S»«M£M#-r* (B3 0 c) . E*i<hpp&K:D> 
FD-74 05 ttffi£l«njltl£^<f 740 2 SEAT* 
i0 (03Od). 3>hD-7 4 0 5ttm*#7*Tft« 

u ^umpiEifM o 3&**y±n'4 o ii>ff3c& 

7c7t-*£* 3>hD-74 0 5l:-tn*e^ (03 
Oe) . n>hD-74 0 5lii^ra«S^74 0 

2 &&mLxm£\zit*>i.ttfi$mz8mL. #it<Dm& 

JB£" 7 " «h L-£<0fW0®:Pi£ , • 1 5 W 6 n CD#-S£fcT 
2? ^4 0 4fcttM?e (S3 0 f ) . &{£&&8&mz 

(0 3 1a) , 0 2 9O3>hD-740 5C$ 

*t«ft»3B©K**ta-r (03 1 b) . m&mmm 

0 4tcJ:t)#^L (03lb) , ^ 
S^.S:*fcfT*pT^ft^ffi«<£«LaiUT (03 1 

c) , T-fzmmisxxwfL&fts (03 id) . z 

ft Ifitu 5 WWW, »l©*lti«T?RWbfcAi(IA77 
*ftl>3r-^ (Slft^.^#j-<vi5=-^) Tli^Hfc 

*ft:WftoA«^fc«ffl"r^trTttft<, Aft^t 
7 9y*4TT««t*. ft**3afi09Tttiai>'X5 i 

5&l2«vA5 L ixCDn>hn-7i^L'T'fo^^ * 
so 1tm&i$MM%:*<<-?4 0 2*>;\~-FV 3 L7t\sxm& 
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2? 

[0 0 2 5] &IC02 4©^0U*3PJfflL^*H»C« 

By«(Dfc*T^©t:!y bfciajoircrui^. 024© 

bTV>fc#. ZtotemmzT&VVv h^&i tfy F& 
±£*89l&TS (03 2 a) . &*W4til±tfbTte2l 
(S3 2 b) . U&mTTV&ST&Wv M4, 

e» nr b * 5 ©afc®**? ? y ^ a * ^ u ©ra 
&®&<D&mm< i ^ mT&nfck i o o isi£«*-fc^ 

6fc?yh (3*16 3) Sr^HfeTtDlSffit'rS. 
7 9 y ;* * y cD^^[iI»0«|Effi<D 1 %£TF£bfc 

[0 0 2 6] ^fc^-^;i^«€r8y«"rs/5:8e)0^0^ 

jMifciwrr*. Bi3 3«j:n*-comg^n?iftWLT 

L)ttB1S->XxA©«^PITfe<5o fc*!b;LnS<Dffcb 
0l:&<57FW7^r-^4 1 1 #i<B§E 
FPX^S^-^M 1 1 tt*<b£¥*Ufc 

XA*fc#bTteg«£fTfc^ ^-^AS^Srff^T 
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ffi^te (-fe**) tffi*#fifc^-ftbrv^»^ic«tt 

7FVX££&T#*<i:5t::fc*. tntt^fA©* 
t&lciftfgW-£-r*gB"T?&*. fc*3EI 3 3 «fg 1 O^Jte 

&mx.tz$mmzbmmx2%e *$mm\z&n\s+ t 

[0 0 2 7] &fcftfW&^-r*f >5?«r-**K»a* 
JfcfllSrtJWrr*. H3 4tt*^M0lf€:^U/S:rt^«^ 
£^Lfc0-C<feO, 01 7£fc£KbT:feO&tia<B#*§' 
140 1 7 £P8SC0fc<0T**o -€-O^0«l , 4 2 1 14^ 

^^"r^n-feyU-3<Dffi*#-KM^ 4 2 2«W^7 
20 #-h»*4 2 1fcJ:0ei+T , **!lfc*«ll6fcJ:D 

-f^--F^®^T&*o 03 5*4#ISffiW©*1«0T?fc 
0. (1) tt*-F#tt©£#BU (2) 
S^Ufc0Ta&5. 0*4 2 3J4*«lflO«8&IEtt&@ 
T*SIC*-H, 4 2 4143***, 4 2 51436**' 
-f^-F, 4 2 6»*X W1V3>T*«. 03 4l£:fc 

ViT^Jpi o/U2 o ii:«k^x ho/v;3>« 

IE1SSB2 0 5lC*£&*7*i:X#LS©^#&bT^ 
Si, ;/Diry1*3l4^hx~*£^ WW77 9 

/U2 0 1 »cS^^T&^T^%*W*"r*. *® 
^DirytJ-3l4^-f h;ty7r OJc^^snfcx— 

^Sr^^y^^^EU ll-te^ Ifrtt-T^. 
fToT^^K^n-fey1^3l4tfl*#-h^4 2 1^7 

J|ftTbfee»yDir5;lJ-3l4{tt^#~h4 2 1 €r-T>7* 
yiCbT-1* >Vr—2 4 2 5 0 
3 5 (1) ttl C*-F»«T3B«bfc«T, 3*** 
£ttfiJ#«©«HK*f >V*T~9 4 2 5 SMit, ^ V 
3 >*^fwmO«^«^-C-f >^ir-* 4 2 5 VMSS 
^®T€f^«t^lCbTV^. (2) J4y-hSi/Vyn 

>^»^^fXb^«^&^br^D, a-im<f >>> 

^r-*4 2 5CD^> ^«r^«^b^te^*^T^ 

fc«b3.-i?^jeyT««Bbaitntfa6»v^i4 
&*mznmzmm?z£&f£v-?&2>o *$mw\z± 

<owm&& < 3.-* <o«s«fts*«p if *. 

[0 02 8] 

5(? [»^<0»^] ^W{C<fcntfM*lHl»JClSD^S7 
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iz&tor* ftfe<Ddftm±t7*7bUx<Dm&?Lf)mmiz 
&%xb&mm\z\tm-om»mi&&imvtetoit&. 

ttmm&&wtLTmft?*<D\z, mmz\ty^y^=L 
*^)*m^izffi&&wr?$>z>. ttosmmz-tzzt 

h.fS.\,\ZV^v^^V7^)V^7^2x £«»g2«gg £ 

e tic.* Btemm±LT<Dmm*m 
m&\z*z<wibz&* mmwimzmLTc^ii^mmv 

&&m±.2itZ>Z.t&Xi£Z>. ^7^y->^^V(D 

mz&&mm&MKittb\z* *x bmtmm^m^nx 

*>7 7V zsz>l 77^f^yXfA £ LTte&StfSSt? Tl> 
* S tofc^Xtotetotrnvtem?-* 

xz>zt\z£D. isx^&\zfccx7--7)im®&mm 

to ^sTsT'hk <0«^fc«*tttE**lS<0»fP^ CR? T 

[01] *»WlC*tt«» 1 oS»W©/\- H«>X7« 
j£0« 

[02] *^lC^^S»lO|^JS0tjO7^y^aL^^ 

[0 3] *%^»c^^^lco^^Jo«i^^1-^-Y 

[04] *»^jc*5tt«*ioiat«(o}B*«aibf^& 5a 
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[05] *9tmz&v*m2<Dmi&w<!>A--\i'?x.Tm 
^0. 

[06] *Sg§g^^^2©*Jfi0?cr>75y>a.^^ 

[0 7] *^Jr^^^2^J60ScD»^*^r^-f 

>;l^f>07D-ft- h 

[0 8] *ftmz&tt*&2<Dnmmv^?2m®mv? 
[0 9] *5tw\zm*n2v%mmvm&g®mtt* 
[010] *&w\z&vzm3ommm(D/\-\!V3:y 

[011] *»Mt^^^3O^te^Q7^^->0L^ 

*U5^:/ofe«8*!c0,. 

[012] *&w\z&v*&3<D^m<om3; 4 &mmft 
[0i 3] *ftmz*\f*&4<»m\o>;\-Y*73i7m 

[014] m*7UyZZL\Z'r--7)V*:t$tt1t7*7 

[01 53 ^-^^tii^jkifisr^^jwrs^^ 

[016] 7-9W&t\Wl\Zrty7 7m&***Ltt 

77y^zL^v ^ v -Jnmtm 

[017] *mw\z&tt*m±<o$mm<K>7yyi'^7 

la. 

[01 8] *&mz&VZ>m4<D$mW<D77yi'*7 

0. 

[019] *&w\z&v*mimft*m&?z9mm<D 
[020] *^wir^^^is#^^'r^iyfi^i<D 

7D-ft-h 

[02 1] ^l§tr^tt^/ty^T2/^«^^fflr^^ 
J£03©«|£0 

[022] *&w\z&\+*nmmmmttmzrz$mm 
[0233 ^-zm&t \m vzmm^umwL &*>fzitit 

77r>a^u o^-^^ttco^te^ 

[024] 01 3lC^UEEPROM^#I^Ufc^fi^ 
O**0 

[02 5] *^^lr^tt^5(0^e£«CDA-H^X7' 

[0263 ^mztettttstofmrnvy^yi/^* 

[02 7] *^HJIr^it^>^ 5 <D$mWV>mft*7£T* 
[02 83 *^^JC*5tt^5(DllS60go-fe^^S31t& 
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[02 9] &m\Z&Z&{£0 1 gm\Z£r)*/X7 : -l*<D&& 
[03 0] ®2QOmmmz&VZ£<K'g®3>ha- 
[03 1] 0 2 9(D&&mz&\tfZ>ft&i'X7 L JxU>h 
[0 3 2] ?8*«S^-^£DtBlfi«M&fi5«T5^Jfi 

nomas 

[03 3] ±2&<0 t gM'r-' ^;KDietS$SSrSrfl!5SW* 
0 

[03 4] Mm&^uvwift**™^ 

«ttfc^#l<Dl»l/*0 
[0 3 5] «Sj82»«eo«i^+«:^*r^>^^^ 
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